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ABSTRACT 
Objective: The purpose of this dissertation is to examine the oral health, caregivers’ 
perception of oral health, and dental services utilization among children with learning 
disabilities (LD). 	
Methods: We used the National Health And Nutrition Examination Survey 1999-2004 
data to investigate the oral health and caregivers’ perception of oral health among 
children with LD alone, ADHD alone, and LD with ADHD. We used the National 
Survey of Children’s Health 2011-2012 data to examine dental services utilization and 
unmet dental needs among children with LD alone, non-LD CSHCN, and LD CSHCN.   
Results: Children with LD alone have greater likelihood of having dental caries in 
permanent dentition compared to non-LD, non-ADHD children (OR: 1.6, 95% CI: 1.1-
2.2), while the likelihood of dental caries in permanent dentition among children with 
combined LD and ADHD is much greater (OR: 1.9, 95%CI: 1.3-2.7). Caregivers of 
children with LD, ADHD, and LD with ADHD perceived their oral health to be poorer 
when compared to non-LD, non-ADHD (OR: 1.8, 95% CI: 1.2-2.8, OR: 1.9, 95% CI: 
1.1-3.0, OR: 2.0, 95% CI: 1.3-3.1, respectively). The accuracy of caregivers’ assessments 
of their children’s oral health was lower among those with LD, ADHD, and LD with 
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ADHD children. Children with ADHD alone had the least accurate caregivers’ perception 
(OR: 0.5, 95% CI: 0.3-0.8). Children with LD alone were less likely to have a dental visit 
within the past year, whether for preventive visit (OR: 0.6, 95% CI: 0.5- 0.9) or any other 
dental visits (OR: 0.7, 95% CI: 0.5- 0.9). While LD severity did not impact dental visit 
receipt, children with moderate to severe LD have higher unmet dental needs than non-
LD and mild-LD (OR: 1.8, 95% CI: 1.3- 2.5).	
Conclusion: Children with learning disabilities have significant oral health needs and are 
at a greater risk for dental disease. Despite that, children with LD are less likely to utilize 
preventive and other dental services. Future interventions need to target this vulnerable 
population to improve their oral health and reduce these disparities. 
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INTRODUCTION 
The health of the teeth and mouth is an integral component of an individual’s general 
health and well-being (US Depart. of Health and Human Services 2000). Poor oral health 
has been linked to multiple medical conditions such as diabetes, cardiovascular diseases, 
and adverse pregnancy outcomes (Cobb et al 2017; Amano 2017). Multiple systemic 
diseases present with oral manifestations such as autoimmune, hematologic, endocrine, 
and neoplastic diseases (American Family Physician 2010).  
Maintaining good oral health ideally should start early in life (American Academy 
of Pediatric Dentistry 2015). Children’s oral health influences their development, quality 
of life, and daily activity (Kwan et al 2005). Oral diseases in children can negatively 
affect appetite and attention, and may lead to depression and lower self-esteem 
(Schechter 2000). In addition, it has an effect on their academic performance and 
attendance. Studies have shown that children’s oral diseases increase the likelihood that 
the child will miss school and perform poorly as a result of oral pain or infection (Jackson 
et al. 2011). 
Dental caries is the most common childhood chronic disease (National Institute of 
Dental and Craniofacial Research 2014). In 2011- 2012, approximately 37% of US 
children aged 2–8 years had experienced dental caries in primary teeth, and 21% of aged 
6–11 had experienced dental caries in permanent teeth (Dye et al 2015). Dental caries can 
cause acute pain and anxiety. Lack of intervention will adversely influence eating, 
speaking and learning. In addition, dental caries can progress to dental infection and tooth 
loss (Shanbhog 2013).  
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The Surgeon General’s Oral Health Report in 2000 claimed that individuals with 
disabilities and those with complex health problems are disproportionally affected by oral 
diseases. Oral diseases have a negative impact on the overall health of those with 
systemic conditions (Thikkurissy and Lal 2009). Developmental disabilities present early 
during childhood and last a lifetime. They negatively impact individuals’ brain, body, and 
the skills they need daily in life: thinking, talking, and self-care. Developmental 
disabilities include autism, learning disabilities, attention deficit/ hyperactivity disorder, 
and cerebral palsy.  
The CSHCN term covers a broad range of developmental and chronic health 
conditions. Children with developmental disabilities fall into the CSHCN definition. 
Children with special healthcare needs (CSHCN) are defined by U.S. Maternal and Child 
Health Bureau as “those who have or are at increased risk for a chronic physical, 
developmental, behavioral, or emotional condition and who also require health and 
related services of a type or amount beyond that required by children generally”.  There 
are an estimated 11.2 million CSHCN in the US, representing 15% of US children (US 
Depart. of Health and Human Services 2013). The number of CSHCN is expected to 
increase over the years as medical care improves (US Depart. of Health and Human 
Services 2013).  
Learning disabilities and attention deficit/ hyperactivity disorder (ADHD) are among the 
most common developmental disabilities in children and adolescents. The literature on 
the comorbidity of the two conditions is extensive (DuPaul et al. 2013, Pham & Riviere 
2015). The comorbidity rate in previous reports ranged from 30% to 45% (Pham & 
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Riviere 2015). In an attempt to understand the reason for this high co-occurrence, many 
studies correlated neurophysiological factors shared in both conditions using the multiple 
deficit model models (DuPaul et al. 2013, Willcutt et al. 2010, McGrath et al. 2011). 
The prevalence of dental caries in CSHCN is higher than non-special health care 
needs children (non-CSHCN) (Leroy and Declerck 2013, Anders and Davis 2010, 
Dziwak et al. 2016, Oredugba and Akindayomi 2008). In addition, CSHCN have fewer 
filled teeth and more missing teeth compared to their typical peers (Leroy and Declerck 
2013, Anders and Davis 2010, Dziwak et al. 2016, Oredugba and Akindayomi 2008). 
Sugar-containing medications, special diets, and frequent eating may lead to higher risk 
for dental caries among this population (Moursi et al 2010). In addition, children with 
limited manual dexterity have poorer oral hygiene (Thikkurissy and Lal 2009). 
CSHCN often need additional help to achieve and maintain good health including 
oral health (Speraw 2006, Schieve et al 2012). They rely on caregivers as their primary 
source of assistance and support. Children’s oral health outcomes and oral health care 
seeking behaviors are associated with caregivers’ perception of children’s oral health 
(Camargo et al 2009, Sohn et al 2008). Multiple factors have been linked to caregivers’ 
perception of children’s oral health, such as child’s age, oral health problems, family 
income, and perception of their own oral health (Talekar et al 2005, Sohn 2008, Wandera 
2009). 
Dental care is an important part of children’s comprehensive health care. It is 
critical for children to establish a dental home in early age (AAPD 2015). AAPD 
describes the dental home concept as “inclusive of all aspects of oral health that result 
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from the interaction of the patient, parents, dentists, dental professionals, and non-dental 
professionals. Establishment of the Dental Home is initiated by the identification and 
interaction of these individuals, resulting in a heightened awareness of all issues 
impacting the patient’s oral health”. Dental care provided via a dental home is more 
effective and costs less than emergency visits (Savage et al 2004).  Because of their 
higher risk for oral diseases, CSHCN are especially recommended to seek dental care 
early in life.  However, families of CSHCN cite oral health care as the most unmet health 
care need (Lewis et al 2005).   
The literature on oral health and dental service use of CSHCN is extensive. 
However, the majority of the studies focused on CSHCN as a single group and few 
looked into oral health and dental services utilization of specific medical conditions such 
as learning disabilities (LD). In addition, no previous study investigated the oral health 
and dental services use of children with LD using a nationally representative data. 
CSHCN exhibit variability in their skills, development, and health. Therefore, their oral 
health is expected to vary based on their medical condition. Unfortunately, little is known 
about the oral health and dental services utilization of children with learning disabilities. 
Given the rising number of CSHCN including children with LD specifically (Boyle et al. 
2011) and its association with ADHD and other health conditions (Pastor and Reuben 
2002, Altarac and Saroha 2007, Bloom et al.  2013), there is a need to thoroughly 
investigate oral health and dental services use of LD children using nationally 
representative data. Identifying the prevalence of dental caries in children with LD will 
help in designing suitable preventive and treatment protocols that address their specific 
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needs. Moreover, how well caregivers’ perceive children with LD’s oral health influences 
their children’s oral health and dental care utilization. Thus, understanding what factors 
are associated with accurate perception of children’s oral health will make it possible to 
tailor more effective oral health education programs. In addition, highlighting children 
with LD’s need for, and use of dental services will help motivate policymakers to 
develop essential strategies that improve access to dental care for this population. 
The aim of this dissertation is to expand the knowledge about the oral health and 
dental services usage by children with learning disabilities using cross-sectional and 
nationally representative data. This dissertation includes three studies. The first paper will 
focus on dental caries of children with LD distinguishing the influence of ADHD co-
occurrence using the National Health and Nutrition Examination Survey (NHANES). 
Also using NHANES, the second paper will examine the influence of LD and ADHD on 
caregivers’ perception of their children’s oral health. Lastly, the third paper will 
investigate the pattern of dental services utilization among this population using the 
National Survey of Children’s Health (NSCH).  
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LITERATURE REVIEW 
Neurodevelopmental disorders manifest early during child development. They are 
characterized by developmental deficits that impair the child’s personal, social, or 
academic functioning (Diagnostic and Statistical Manual of Mental Disorders DSM-5 
2013).  Learning disabilities (LD) are a type of neurodevelopmental disorders that 
manifests in children during school years. Schoolteachers and health professionals can 
recognize and diagnose learning disabilities. Specific Learning Disorder (SLD), Learning 
Disorder, and Learning Disabilities have been used interchangeably in the literature. In 
this paper, learning disabilities will be used to reflect the exact phrase used in the selected 
national surveys at the time of data collection.  
The American Psychiatric Association describes LD as a neurodevelopmental 
disorder with a biological origin that is the basis for abnormalities at a cognitive level that 
are associated with biological signs of the disorder. It involves ongoing problems 
learning key academic skills, including reading, writing and math. Key skills that may be 
impacted include reading of single words, reading comprehension, writing, spelling, math 
calculation and math problem solving (Diagnostic and Statistical Manual of Mental 
Disorders DSM-5 2013).  
The Individuals with Disabilities Education Act (IDEA) defines LD as “a disorder 
in one or more of the basic psychological processes involved in understanding or in using 
language, spoken or written, which disorder may manifest itself in the imperfect ability to 
listen, think, speak, read, write, spell, or do mathematical calculations. Such term 
includes such conditions as perceptual disabilities, brain injury, minimal brain 
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dysfunction, dyslexia, and developmental aphasia. Such term does not include a learning 
problem that is primarily the result of visual, hearing, or motor disabilities, of mental 
retardation, of emotional disturbance, or of environmental, cultural, or economic 
disadvantage.”  
Diagnosis of LD is based on having difficulty performing any of the following 
skills: reading, understanding what is read, spelling, with written expressions (such as 
punctuation, organization or grammar), understanding numbers and calculations, or with 
mathematical reasoning. These difficulties should not be due to low language proficiency 
(American Psychiatric Association, 2013). LD are various and the most common types 
are dyslexia, dysgraphia, and dyscalculia. Dyslexia, the most prevalent type of LD, refers 
to learning disability in reading, word recognition, decoding, spelling, or comprehension. 
Dysgraphia applies to learning difficulty in writing including both the ability to write, 
and the quality of writing. Dyscalculia refers to learning difficulty in math covering 
understanding numbers facts, counting, calculations, and math reasoning (American 
Psychiatric Association, 2013) 
There are various approaches used for diagnosing children with LD (Pham & 
Riviere 2015). Traditionally, the discrepancy model was used to diagnose LD, when the 
child gets substantially below age-expected average score by more than two standard 
deviations on standardized achievement test (APA 2000). However, this model has been 
argued against due to its low reliability and validity (Fletcher et al. 2005). The pattern of 
strengths and weaknesses model (PSW) is another approach for LD diagnosis. In this 
model, standardized psychological or neuropsychological measures are used to assess 
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cognitive processes (Flanagan et al. 2008). The model determines if weakness in some 
cognitive skill is related to academic domains. Response to Intervention (RTI) approach 
is a multitier support system, which is commonly used by school psychologists for LD 
diagnosis (Fuch et al. 2003, Stecker et al. 2005). In this approach, screening and progress 
measures are monitored to identify students who need intervention. However, RTI is 
criticized for its lack of sufficient evidence in diagnosing students with LD (Fletcher et 
al. 2005, Barth et al. 2008).   
With recent changes to DSM-5 structure, LD is now categorized as a 
neurodevelopmental disorder (APA 2013). The definition of LD remained “a disorder 
with a neurobiological basis, which includes not only genetic factors but also epigenetic 
and environmental factors interacting and affecting an individual’s ability to process 
verbal or nonverbal information”. The term (LD) has been updated to (SLD) (APA 
2013).  
Multiple studies have explored and tracked the prevalence of LD on a national 
level over the last two decades. The prevalence of LD in the US ranges in some studies 
from 8% to 10% among school age children (Boyle et al. 2011, Pastor and Reuben 2002, 
Altarac and Saroha 2007, Bloom et al.  2013). However, other reports estimate that 15%-
20% of Americans are diagnosed with LD (US Depart. of Education 2010). This 
variation in LD prevalence could be due to variability in the diagnosis requirements in 
different states. Boys have significantly higher prevalence of LD compared to girls 
(Pastor and Reuben 2002, Altarac and Saroha 2007, Bloom et al.  2013). The prevalence 
of LD generally doesn’t differ significantly between racial and ethnic groups (Pastor and 
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Reuben 2002, Altarac and Saroha 2007) in most of the studies. However, the 2012 
National Health Interview Survey showed that Asian children have the lowest LD 
prevalence compared to non-Hispanic Whites and non-Hispanic Blacks (2%, 8% and 8% 
respectively) (Bloom et al. 2013). Learning disabilities are higher among low-income 
families (<100% Federal Poverty Level) compared to families at higher income level 
(>100% FPL) (Pastor and Reuben 2002, Altarac and Saroha 2007, Bloom et al. 2012). 
The prevalence of LD is higher among families of lower educational attainment (less than 
high school) compared to families with higher than high school education (Altarac and 
Saroha 2007, Bloom et al. 2012). In addition, the prevalence of LD is significantly higher 
in families with no employment within the last year (16%, 95% CI=14.1-17.0) compared 
to employed families (Altarac and Saroha 2007). Children with low birth weight (under 
2500 grams) are more likely to have LD compared to children with normal birth weight 
(Pastor and Reuben 2002, Pastor and Reuben 2008). In addition, the prevalence of 
learning disabilities is higher among Children with Special Health Care Needs (CSHCN) 
compared to non-CSHCN (Altarac and Saroha 2007). Parental report of LD was higher 
among children with perceived poor health status compared to children with perceived 
excellent health condition (Bloom et al. 2013).   
ADHD is a neurodevelopmental disorder commonly diagnosed in school-aged 
children. Children with ADHD are characterized by lack of attention, hyperactivity, and 
impulsivity, which affect their performance at home and school settings. ADHD 
frequently manifests with other emotional, behavioral, and learning conditions including 
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oppositional defiant disorder, depression, anxiety, and learning disabilities (APA 2013; 
Larson et al. 2011). 
The association between LD and ADHD is well-documented in the literature. 
Students with LD are at increased risk for having ADHD and vice versa (DuPaul & 
Stoner 2003, Semrud-Clikeman et al. 1992). An estimated one-third of people with LD 
have ADHD (American Psychiatric Association 2013). Both disorders are highly 
comorbid with shared neuropsychological and genetic factors (Pham & Riviere 2015). 
Comorbidity rates between writing disorders and ADHD is the greatest ranging from 
55% to 64% (Yoshimasu et al. 2011). The rate of co-occurrence of dyslexia and ADHD 
is between 25% and 40% (Boada et al. 2012). The least co-occurrence rate is for 
mathematics disorders and ADHD (11% - 30%) (Capano et al. 2008). Due to the complex 
relationship between ADHD and LD, many studies have concentrated on investigating 
the neuropsychological and genetic correlates that lead to the association between LD and 
ADHD (Yoshimasu et al. 2011, Willcutt et al. 2010, Re et al. 2007, Plomin & Kovas 
2005).  
Multiple medical conditions disproportionally impact children with LD, compared 
to non-CSHCN. Children with LD had higher prevalence of being at-risk-for-overweight 
(BMI >85th percentile) and overweight (BMI >95th percentile) compared to non-LD 
children (Curtin et al. 2005). The prevalence of mental retardation, other developmental 
delay, autism, or Down syndrome is significantly higher among children with LD 
compared to children with no LD (Pastor & Reuben 2002, Pastor & Reuben 2008). In 
addition, high percentages of children with LD have hearing and vision diseases 
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compared to children without LD (Pastor & Reuben 2002, Pastor & Reuben 2008). 
Allergies were also higher in children with LD compared to children with no LD (Pastor 
& Reuben 2002, Pastor & Reuben 2008). Higher frequency of LD children had diabetes, 
arthritis, heart disease, anemia, cerebral palsy, muscular dystrophy, cystic fibrosis, and 
seizures compared to non-LD children (Pastor & Reuben 2002, Pastor &Reuben 2008). 
The presence of LD with ADHD increased the likelihood of having some chronic 
conditions such as cerebral palsy, muscular dystrophy, cystic fibrosis, sickle cell anemia, 
diabetes, arthritis, or heart disease (Pastor & Reuben 1998). 
 
Dental caries in children with learning disabilities 
Generally, CSHCN are at higher risk of developing dental caries (Leroy and Declerck 
2013, Anders and Davis 2010). Their higher susceptibility can be attributed to their 
physical, social, behavioral, mental, or communication disabilities. The condition of their 
mouth is influenced by impairment severity, child’s age, and socioeconomic status 
(Lewis 2005). Their ability to perform oral hygiene may be limited as result of motor, 
sensory, or intellectual disabilities. Moreover, the associated comorbidities, higher 
consumption of sugary foods, medications, or limited use of preventive dental services 
make them prone to poor oral health. The oral health of children with learning disabilities 
is not different from other CSHCN. They exhibit poor oral hygiene and are at higher risk 
of having dental caries (Dziwak et al. 2016, Oredugba and Akindayomi 2008). 
The literature on dental caries in CSHCN is extensive. A large number of studies 
assessed dental caries among students attending special needs schools in a variety of 
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countries. For the purpose of the present study, we will discuss studies that involved or 
distinguished children with learning disabilities. Six studies discussed dental caries in LD 
children worldwide. 
In a study conducted in the United Kingdom, a sample of 667 children and young 
adults between 3 to 19 years of age attending special needs schools were assessed for 
dental caries. About 34% of the sample attended schools for moderate learning 
difficulties, 22% attended schools for physical impairment, and 20% attended schools for 
mild learning difficulties. Approximately 50% of the 6-9 year olds had dental caries in 
their primary dentition, 20% of the 6-9 age group had dental caries in their permanent 
dentition, and 62% of the 10-14 age group had dental caries in their permanent dentition. 
The mean number of decayed, missing, and filled primary teeth (dmft) was 2.44 ± 3.52 
for 6-9 year old group (d: 0.86 ± 2.27, m: 0.96 ± 2.72, f: 0.62 ± 1.35). The mean DMFT 
for permanent teeth was highest among the 10-14 years old group, the mean DMFT was 
1.83 ± 2.26 (D: 0.33 ± 0.88, M: 0.37 ± 1.07, F: 1.13 ±1.62), while the mean DMFT for 6-
9 years old was 0.34 ± 0.91 (D: 0.12 ± 0.40, M: 0.11 ± 0.53, F: 0.11 ± 0.61) (Evans et al. 
1991). This study did not distinguish dental caries between different disabilities, and 
lacked the statistical comparison of dental caries to non-CSHCN. 
A cross-sectional study using a sample of 12 year-old special needs students 
(n=714) in Belgium which was conducted to examine the prevalence of dental caries. The 
sample consisted of 39% students with mild mental retardation, 36% students with 
learning impairment, and the remaining students had different disabilities such as 
physical, hearing or vision disabilities. In the sample, about 80% had dental caries, and 
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76% of the learning impaired group had dental caries. There was no significant difference 
between disabilities in the prevalence of dental caries. Mean DMFT for the learning 
impairment group was 3.2, but there was no significant difference in mean DMFT 
between the groups (Gizani et al. 1997). The difference in the extent of dental caries 
between children with LD and non-LD in this paper was not tested. 
A sample of 54 participants 3-26 years old, who attended a private special needs 
day center in Lagos, Nigeria was used to evaluate oral health status. Fourteen individuals 
(26%) had learning disabilities, 39% had cerebral palsy, 20% had autism, and 9% had 
Down syndrome. Approximately 33% of the sample had a history of dental caries. The 
mean dmft of the study sample was 0.7± 1.77 for primary dentition and early mixed 
dentition; and mean DMFT was 0.4 ± 1.44 for permanent dentition and late mixed 
dentition (Oredugba and Akindayomi 2008). Even though the authors concluded that 
dental caries was high among study subjects, the prevalence of dental caries among 
specific disabilities were not compared to non-CSHCN in this cross-sectional study. 
Only one study, in South Africa, investigated the association between dental 
caries and learning disabilities in a multivariate environment. In this study, a sample of 
special needs schools was selected to assess and compare dental caries prevalence in 
CSHCN. The sample consisted of 882 children with a mean age of 10 years. The sample 
included 171 children (19%) with learning disability, 163 (10%) children with cerebral 
palsy, 99 (9%) with hearing impairment, and 449 (13%) with mental disability. About 
65% of the sample was males, and 76% of the learning disability group was males. The 
author indicated that approximately one third of the sample had dental caries in their 
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primary dentition. However, only 7% of the learning disability group had dental caries 
and 67% of them had untreated caries in the primary dentition. Mean dmft for the 
learning disability group was the lowest compared to other disabilities at 0.27 (d= 0.18). 
The multivariate analysis revealed no significant association between dental caries in 
primary dentition and learning disability (Nqcobo 2012). 
About 34% of the sample had dental caries in their permanent dentition. In the 
learning disability group, the prevalence of dental caries in permanent dentition reached 
42% with lower prevalence among females at 37%. About 66% of the learning disability 
group had untreated caries in the permanent dentition. Mean DMFT for the learning 
disability group was the highest compared to other groups at 1.26 (D=0.83). Multivariate 
analysis showed that learning disability was significantly associated with dental caries in 
permanent dentition (OR 1.76; CI 1.2-2.5 and p=0.002) (Nqcobo 2012). 
In a study of 12-18 years old Indian adolescents with disabilities, including 
learning disability, the mean DMFT for children with mental disability and learning 
disability was 4.75 ± 4.15. There was a significant difference in DMFT between different 
disabilities (p=0.03) ranging from 2.07±2.43 for the mental disability with autism group 
to 5.63± 3.32 for the mental disability with speech hearing impairment group. Authors 
concluded that prevalence of dental caries is high among disabled children (Vellappally 
et al. 2014). However, in this study the prevalence of dental caries was not compared to 
non-CSHCN. 
In Germany, a sample of 848 CSHCN students aged 6-16 years were assessed for 
dental caries and compared to regional and national reference groups of non-CSHCN. 
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The sample included 571 students with intellectual and learning disabilities (ID/LD), 88 
had physical disabilities (PD), and 189 had sensory disorders. Approximately 32% of the 
students had primary dentition dental caries with the mean dmft (1.1± 2.2). The 
percentage of ID/LD who have dmft >0 was 57.5% (95% CI: 51.4–63.5) in 6-11 years 
old children with mean dmft 2.1 ± 2.8. However, 7.5% (95% CI: 5.1–11.0) of 12-16 years 
ID/LD adolescents have dmft >0 with mean of 0.1 ± 0.7. In both age groups, dental caries 
experience and untreated caries in primary dentition was highest among children with PD 
compared to children with ID/LD (Dizwak et al. 2016).  
About 41% of CSHCN students had permanent dentition dental caries with mean 
DMFT (1.4± 2.6). Approximately 30.2% (95% CI: 24.8–36.1) of 6-11 years old ID/LD 
had DMFT >0 with mean DMFT 0.6 ± 1.1. In contrast, 59.6% (95% CI: 54.1–64.8) 12-16 
years ID/LD adolescents had dental caries with mean DMFT 2.4 ± 3.1. ID/LD children 
had the highest dental caries experience and untreated caries in permanent dentition in 
both age groups compared to children with PD and sensory disorders (Dizwak et al. 
2016).  
Compared to regional and national references of non-CSHCN, the study sample 
of CSHCN had higher dental caries experience, untreated caries, missing teeth due to 
caries, and fewer restored teeth in both dentitions across different age groups. Authors 
concluded that older students with intellectual and learning disabilities have the highest 
prevalence and experience of dental caries in permanent dentition when compared to 
other high caries risk disability groups (Dizwak et al. 2016).  
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The findings about dental caries among children with learning disabilities from 
previous studies were inconsistent. Availability of different approaches to diagnose LD 
may be an underlying reason for this variation. Even though many of the studies involved 
children with learning disabilities, most of the studies compared dental caries in CSHCN 
collectively to non-CSHCN. In addition, the association between learning disabilities and 
dental caries was not investigated in the majority of the studies. To fill the gap in the 
literature, clarifying the association between learning disabilities and dental caries in 
children is needed. 
 
Caregivers’ perception of children’s oral health 
Children’s understanding of their own health depends on their age because it develops in 
a continuous process (Hetherington et al. 1996; Bee 1998). For this reason, there is a 
concern about children’s capability of communicating their health (Theunissen et al. 
1998). Parents or caregivers are the source of children’s health information. Parents or 
caregivers are the key decision makers for children’s oral health and dental health care 
seeking behaviors. In other words, oral health outcomes for children are dependent on 
caregivers’ perception and awareness of their children’s oral health (Talekar et al. 2005; 
Sohn et al. 2008).  
A number of studies investigated social and clinical factors associated with 
parental perception of poor oral health in children. The older the child’s age, the more 
accurate parental perception of poor oral health was (Gomez e al. 2015; Wandera et al. 
2009). Parents who reported their child’s oral health as poor were more likely to report 
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higher family impact score (more time off work, more attention needed, sleep 
disturbance, family activity disturbance, financial burden, and more family disagreement) 
(Wandera et al. 2009). Parental perception of their child’s poor oral health is more likely 
among parents who perceived the child’s general health status as poor (Wandera et al. 
2009). Parental report of child’s poor oral health has been associated with lower family 
income (Piovesan et al. 2010; Wandera et al. 2009). Caregivers’ perception of children’s 
poor oral health has also been associated with dental caries in some studies (Piovesan 
2010). Other studies reported contradictory findings that dental caries is not associated of 
poor oral health (Wandera et al. 2009; Gomez e al. 2015). Toothache has been found to 
be significantly associated with parental perception of poor oral health in children 
(Wandera et al. 2009). Another study found that only the presence of dental caries with 
toothache was associated with parental perception of poor oral health (Gomez e al. 2015).  
CSHCN are highly prone to oral diseases (Weddell et al. 2011). In addition, they 
have limited ability to express and communicate illness (Hennequin et al. 1998). Many 
caregivers struggle in the assessment of their special needs children’s illness or pain 
(Carter et al. 2002). Caregivers reported difficulty localizing the source of their child’s 
discomfort and estimating their degree of pain (Hennequin et al. 2000). It can be hard for 
caregivers to differentiate between pain or distress due to fear, anxiety, or illness. It is 
suggested that persons with developmental disabilities exhibit diminished pain behaviors 
due to their different pain stimulation process (Biersdorff 1994). 
A number of studies investigated parental perception of oral health among 
CSHCN. In a cross-sectional study using the National Survey of Children’s Health, 
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parental perception of oral health in CSHCN was compared to non-CSHCN. The findings 
indicated that a higher proportion of parents with CSHCN reported their child’s oral 
health as poor compared to parents of non-CSHCN. However, the majority of both 
groups of parents reported that their children’s oral health was good. Concerning dental 
problems, parents of CSHCN noted more dental problems compared to parents of non-
CSHCN. In addition, parents of children with speech, behavioral, learning, physical, or 
developmental disabilities were more likely to report poor dental health compared to non-
CSHCN. In the adjusted model, parents of children younger than 5 years old were more 
likely to have perception of good oral health in both CSHCN and non-CSHCN (OR: 1.76, 
CI: 1.27–2.43 and OR: 1.38, CI: 1.14–1.67, respectively). Moreover, higher income 
increased the odds of reporting better oral health in children. In CSHCN, having a 
personal doctor was not associated with parental report of better oral health (OR: 1.03, 
CI: 0.76–1.41). However, having private health insurance increased the odds of parents 
reporting good oral health in CSHCN (Kenney et al. 2008). 
In an epidemiological survey of 12 year old Flemish children, there was no 
difference in parental assessment of oral health status between children who were 
learning impaired, mildly  mentally retarded, moderately to severely retarded, and 
physically impaired. Parental assessment of oral health status correlated with clinical 
parameters used including calculus, oral cleanliness, and gingival health (Martens et al. 
2000). 
A retrospective study of a sample of 103 children and adults with special needs 
was conducted to compare caregivers’ and dentists’ estimation of treatment needs with 
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actual treatment received. Caregivers’ pain rating was inversely correlated with patient 
age (r= -0.59). Large cavities were the most noted problem by caregivers; moreover, they 
were able to point out calculus, bleeding gums, and mobile teeth. The caregivers’ 
estimation of treatment needs was significantly lower than dentists’ estimation (p< 
0.001), and the actual treatment performed (p< 0.001) (Hennequin et al. 2000). 
In summary, previous studies indicate that caregivers of CSHCN reported more 
dental problems, and poorer oral health in their children than caregivers of non-CSHCN. 
In addition, studies signify caregivers’ underestimation of dental treatment needs for their 
special needs children. However, few studies assessed the accuracy of caregivers’ 
assessment of CSHCN oral health against dentists’ evaluation compared to non-CSHCN. 
Parents or caregivers play an essential role in their children’s oral health. Their accurate 
perception of oral health status of CSHCN contributes to better health outcomes. The 
literature about parental perception of children with LD’s oral health is lacking. The 
difficulty children with learning disabilities face in using language and their higher 
susceptibility to other diseases might make it more difficult for caregivers to perceive the 
status of their oral health. Therefore, there is a need to shed the light on parental or 
caregivers’ perception of children with LD oral health.  
 
Dental services utilization 
The Surgeon General’s Oral Health Report in 2000 emphasized the importance of oral 
health and its essential role in general health and well-being and addressed the critical 
role of dental care in promoting health. It also signified that individuals with disabilities 
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and those with complex health problems face more barriers to care. CSHCN have (or are 
at risk for) chronic physical, developmental, behavioral or emotional conditions that 
require health and related services of a type or amount beyond that required by children 
generally (Bethell et al. 2002).  
Data from the National Health Interview Survey (NHIS) show that children with 
learning disabilities are higher users of health care services compared to children without 
any developmental disabilities (Schieve et al. 2012). However, a higher percentage of 
children with learning disabilities reported unmet and delayed healthcare needs (Schieve 
et al. 2012). 
Dental care utilization among children aged 2 to 18 years has increased 
significantly since 1996, reaching its highest level during 2013 (48.3%) (Nasseh & 
Vujicic 2014). This statistically significant uptick in the percentage of 2 to 18 year old 
children with annual dental visits has been noticed across different income groups.   
Nearly 40% of children with FPL<100% and 61.1% in FPL ≥ 400% had a dental visit in 
2014, resulting in a 13.5% and 5.7% increase compared to 2000, respectively (Nasseh & 
Vujicic 2014). Concerning dental insurance, the prevalence of dental utilization among 
public and private insured children significantly increased from 2000 to 2013 (from 42% 
to 59% respectively) (Nasseh and Vujicic 2014).  Uninsured children were less likely to 
use dental services at 25% (Nasseh and Vujicic 2014).   
CSHCN and non-CSHCN were comparable in the number of annual dental visits 
(1.2–1.3 visits/year) (Newacheck and Kim, 2005).  who had a  The percentage of CSHCN
dental visit within the past year is significantly higher than non-CSHCN (54% and 45% 
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respectively) CSHCN were found to receive similar types of dental (Lida et al. 2010). 
services compared to non-CSHCN children (Beil et al. 2009). In another study, 
significantly more CSHCN received preventive, non-preventive dental services compared 
to non-CSHCN (Lida et al. 2010). 
Preventive dental care such as dental cleaning, fluoride treatment, and dental 
exams are important parts of general health care in children. Preventive visits have a role 
in improving oral health, preventing dental caries, and reducing emergency department 
visits and hospitalization (Hakim and Ronsaville 2002). The American Academy of 
Pediatric Dentistry (AAPD) recommends frequent preventive dental visits based on the 
child’s risk for dental caries and gingivitis. CSHCN are at higher risk for dental problems 
that can be addressed in early preventive dental care. Data from the 2003 NSCH show 
that CSHCN were more likely to have preventive dental visits compared to non-CSHCN 
(80%, and 72% respectively) (Kenney et al. 2008). 
Despite the high utilization of dental services by children, the most prevailing 
unmet needs among US children are for dental care (Newacheck et al. 2000). Unmet 
dental care needs have been associated with adverse health outcomes in children (Dye et 
al. 2007). Dental caries, if left untreated, can result in pain, inability or difficulty eating, 
weight loss, and decreased nutritional status (U.S. Department of Health and Human 
Services 2010). Severe dental caries can cause tooth disfigurement, affecting the child's 
smile, self-esteem, social communication, and development (U.S. Department of Health 
and Human Services 2000).    
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A number of studies have compared the unmet dental needs between CSHCN and 
non-CSHCN. CSHCN were more likely to have unmet dental care needs compared to 
non-CSHCN (Van Cleave and Davis 2008, Newacheck and Kim 2005, Lewis 2009). 
More than three quarters of CSHCN in National Survey of CSHCN reported needing 
dental care in the last 12 months (Lewis et al. 2005). Approximately 10% of CSHCN, 
who had dental care needs, did not completely receive the treatment they needed (Lewis 
et al. 2005). Children in the National Survey of CSHCN had significantly higher odds of 
having unmet dental care needs in 2009-2010 compared to 2004-05 (OR= 2.17, CI= 1.88- 
2.49) (Sannicandro et al. 2017).  
Multiple factors are reported in the literature to be associated with reporting 
unmet dental needs. As CSHCN disability severity increased, the odds of having unmet 
dental needs increased (Lewis 2009, Sannicandro et al. 2017). Compared to children who 
were never affected by their disability, the odds of having unmet dental needs were 
significantly higher in moderately affected children (OR=1.7, CI=1.44, 2.11), and 
consistently affected children (OR=2.3, CI=1.88- 2.82) (Sannicandro et al. 2017). 
Adolescence (13-17 years old), being uninsured, and having an insurance lapse were 
significantly associated with higher odds of having unmet dental needs in CSHCN (Lewis 
2009). Having a preventive visit within the last year was significantly associated with 
having no unmet dental need in CSHCN (Van Cleave and Davis 2008). 
A number of studies have investigated the reasons for unmet dental needs in 
CSHCN. A survey of Massachusetts’s special needs families showed that parents of 
children with disabilities perceived various barriers to dental care. Perceiving the cost of 
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dental care as too expensive, hardship in finding dentists who are willing to treat 
CSHCN, and complicated dental treatment due to a child’s medical condition were 
among the highly impacting barriers (Nelson et al. 2011). 
A high percentage of CSHCN and non-CSHCN parents reported that lack of 
insurance and the high care costs were the reasons for not receiving needed care in the 
2003 NSCH. These barriers were followed by problems with health insurance among 
CSHCN and difficulty in finding suitable appointment times among non-CSHCN 
(Kenney et al. 2008). Another study, focusing on children who have Autism Spectrum 
Disorder, developmental disability and/or mental health conditions showed that 
caregivers’ financial and employment burdens were the greatest barriers for not receiving 
needed dental care in this subset of special needs children (Wiener et al. 2016).  
Collectively, existing literature suggests that CSHCN are high utilizers of 
preventive and treatment dental services. However, the unmet dental care needs remain 
high among this group. It is important for researchers, providers and policymakers to 
understand the pattern of dental care use among subsets of CSHCN to emphasize the 
need to improve access for dental services for specific groups’ policy making. Even 
though some studies assessed health care use among LD children, information about their 
dental care utilization is lacking. Considering the large number of LD children and their 
associated comorbidities, there is a need to assess dental service use among LD children.  
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PAPER I: DENTAL CARIES IN CHILDREN WITH LEARNING DISABILITIES 
 Learning Disabilities ((LD) is one of the most common neurodevelopmental 
disorders (American Psychiatric Association 2013). It is defined by the Individuals with 
Disabilities Education Act (IDEA), as “a disorder in one or more of the basic 
psychological processes involved in understanding or in using language, spoken or 
written, that may manifest itself in the imperfect ability to listen, think, speak, read, write, 
spell, or do mathematical calculations”. LD includes conditions such as dyslexia, 
dysgraphia, and dyscalculia. Previous studies reported that about 8% to 10% of school 
age children have been diagnosed with LD (Pastor and Reuben 2002, Altarac and Saroha 
2007, Bloom 2013). 
 Attention Deficit/Hyperactivity Disorder (ADHD) is another common 
neurodevelopmental disorder (American Psychiatric Association 2013). Affected 
individuals show symptoms such as difficulty with attention, hyperactivity, and 
impulsivity. These symptoms make it difficult for children with ADHD to function 
academically, socially, and behaviorally in both home and school settings. It is also 
common for children with ADHD to show symptoms of LD (Pham & Riviere 2015).   
 One of the most common chronic diseases experienced by children and 
adolescents is dental caries (Center of Disease Control and Prevention). Despite its 
preventable nature, when left untreated, dental caries can progress and impact children’s 
health and development. Dental caries can have a great impact on the child’s quality of 
life because it can result in mouth pain, difficulty eating, poor nutrition, disfigurement, 
lower self-esteem, and deficiencies when socially interacting (Horwitz et al. 2000). Poor 
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oral health in children can result in lower school achievement and has been associated 
with a higher likelihood for school absence (Krisdaponget al 2013, Guarnizo-Herreno et 
al 2012). 
   Children with Special Health Care Needs (CSHCN) are more vulnerable to oral 
diseases (Foster et al. 2005, Weddell et al. 2004). They are at higher risk of developing 
dental caries compared to the general population (Leroy and Declerck 2013, Anders and 
Davis 2010). This could be due to their physical, social, behavioral, mental, or 
communication disabilities, associated comorbidities, limited capability to maintain oral 
hygiene, higher consumption of sugary foods, or medications. Their ability to perform 
oral hygiene could be limited because of motor, sensory, or intellectual disability.  In 
addition, children with learning disabilities may (a subset of CSHCN) have difficulty 
understanding or using language, which makes it hard for them to learn or understand 
how to maintain good oral hygiene (Bizarra & Ribeiro 2009, Bernal 2005).   
 The existing literature about the effects of dental caries on children with learning 
disabilities is inconsistent. Dizwak et al. reported that children with LD have higher 
prevalence of dental caries compared to children with physical and sensory disabilities. 
Ncqobo indicated that children with LD have higher prevalence of dental caries 
compared to children with cerebral palsy and hearing impairment.  In contrast, Gizani et 
al. did not find significant differences in dental caries between children with mental 
retardation. Most studies comparing LD and other disabilities were descriptive and did 
not test for the association between dental caries and LD (Vellappally et al. 2014, Dizwak 
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et al. 2016, Oredugba and Akindayomi 2008, and Gizani et al. 1997). No previous study 
had assessed dental caries among children with LD in the United States. 
An estimated one-third of people with learning disabilities have ADHD 
(American Psychiatric Association 2013). Both disorders are highly comorbid with 
shared neuropsychological and genetic factors (Pham & Riviere 2015). The presence of 
ADHD and LD combined is reported to significantly increase the likelihood for cognitive 
function impairment compared to having ADHD alone (Huang et al. 2016). No previous 
studies distinguished the influence of LD and ADHD combined on children’s dental 
caries experience.  
Due to the conflicting evidence and lack of knowledge about dental caries in 
children with LD with or without ADHD, there is a need to clarify the association 
between dental caries and learning disabilities to determine if additional attention to 
caries preventive strategies in this population is needed. The objective of this study is to 
investigate whether children with LD have a higher dental caries risk. This study aims to 
answer the following research questions: 
• Do children with learning disabilities, with or without attention 
deficit/hyperactivity disorder, have higher prevalence and extent of dental caries 
than non-LD children? 
• Do children with a combined diagnosis of LD and ADHD have greater prevalence 
of dental caries compared to children with learning disabilities alone? 
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Methods 
Data from 1999-2000, 2001-2002, and 2003-2004 National Health and Nutrition 
Examination Surveys (NHANES) were used. NHANES is a program of the National 
Center for Health Statistics (NCHS), consisting of cross-sectional population samples 
that are designed to assess the health and nutritional status of civilian, non-
institutionalized adults and children in the United States. The survey is unique in that it 
combines both interviews and physical examinations. 
Study population 
Every year, approximately 7,000 individuals, of all ages, are interviewed in their homes 
for NHANES. Of those interviewed, approximately 5,000 complete the health 
examination component of the survey. The total sample for the three combined cycles is 
31,126 participants.  
Sampling method 
NHANES is a stratified, multistage probability sample of the civilian, non-
institutionalized U.S. population which over-samples low-income individuals, 
adolescents (12-19 years), persons 60+ years of age, African Americans, and Mexican 
Americans. Sampling is conducted in multiple stages. Initially, primary sampling units 
(PSU) are selected, consisting of counties or small groups of counties. Segments (a block 
or group of blocks) are then selected from within the PSUs. Finally, one or more 
participants are selected from identified households in the segments.  
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Data collection 
NHANES data was collected using both at home face-to-face interviews and clinical 
examinations in mobile examination centers. If the survey participant was younger than 
16 years, the household interview was conducted with a proxy (a guardian or parent). If 
no one in the household was over the age of 16, survey participants were allowed to self-
report. 
For the purpose of this paper, we selected children 6-15 years old in NHANES 
1999-2004 who completed both the medical questionnaire and a dental examination 
(n=6,771). 
Variables of interest 
The primary outcome variable is dental caries. In NHANES, an examiner assessed 
coronal caries in primary and permanent dentition as sound, having a surface condition, 
missed due to dental disease, missing due to dental disease but replaced, missing due to 
other causes, or un-erupted. Licensed dentists performed oral health exams in the mobile 
examination centers. Dental examiners were trained and calibrated to meet examination 
standards. Diagnostic criteria for the coronal caries examinations were those developed 
by Radike et al. All teeth, except for third molars, were air dried and examined with a 
surface reflecting mirror and an explorer.  
Categorization 
• dft/DMFT for primary and permanent teeth using coronal caries recorded by the 
examiner. We included missing due to dental disease, missing due to dental disease 
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but replaced, primary with surface condition, and permanent with surface condition.  
• DMFT for permanent only was computed using missing due to dental disease, 
missing due to dental disease but replaced, and permanent with surface condition.  
• Caries experience (primary and permanent dentition) was dichotomized as dft/DMFT 
larger than zero, and dft/DMFT equals zero.   
• Caries experience for permanent dentition was dichotomized as DMFT larger than 
zero, and DMFT equals zero.   
The primary predictor variable was learning disability status. Two main questions 
determined a participant’s learning disability condition: 
1. Has a representative from a school or a health professional ever told {you/SP} 
that {s/he/SP} had a learning disability (MCQ083)? 
2. Has a doctor or health professional ever told {you/SP} that {you/s/he/SP} have 
attention deficit disorder (MCQ060)? 
Children who received diagnoses of both conditions are categorized as ‘LD with ADHD’, 
children who were diagnosed as LD but not ADHD are categorized ‘LD alone’, children 
who were diagnosed with ADHD but not LD are categorized as ‘ADHD alone’, and who 
weren’t diagnosed with neither are ‘Non-LD, Non-ADHD’. The following chart 
illustrates the method of categorizing learning disability status:  
Categories of learning disability status 
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Learning	Disabilities	
YES		 ADHD	
YES	 LD	with	ADHD	
NO	 LD	alone	
NO	 ADHD	
YES	 ADHD	alone	
NO	 Non-	LD,	non-	ADHD	
Figure 1: Categories of learning disability status. 
 
 
Covariates included were age, gender, family income, race/ethnicity, dental insurance, 
daily sugar consumption, dental visit within the past year.  
§ Age was categorized to correspond with teeth development phases commonly 
used in dental caries examination: 6-11, and 12-15 years.  
§ Family income was determined based on family poverty to income ratio (PIR). 
This variable was categorized into less than or equal to 1.3 PIR (low), 1.4 to 3.4 
PIR (middle), and greater than or equal to 3.5 PIR (high). 
§  Race/ethnicity was categorized as non-Hispanic White, non-Hispanic Black, 
Hispanics, and other race/ethnicity. Hispanics included Mexican American, and 
other Hispanic. 
§ Dental insurance was dichotomized into ‘who have dental insurance’, and ‘who 
do not have health insurance or dental coverage’.  
§ Sugar consumption in grams was retrieved from dietary data, with each cycle 
utilizing a different survey approach to identify food intake. The 2003-2004 cycle 
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calculated average total sugar using two consecutive days of total nutrients intake, 
and the 2001-2002 cycle total sugar was obtained from a one day diet survey. The 
1999-2000 cycle did not provide a total sugar calculation, so it was estimated 
based on the USDA Food and Nutrient Database for Dietary Studies (FNDDS), 
version 1.0 which was used to calculate nutrient intakes for the 2001-2002 
NHANES cycle. The amount of sugar for each food code in the 2001-2002 cycle 
was applied to 1999-2000 food codes. The percentage of food codes in the 1999-
2000 cycle for which sugar content could not be determined was 1.15%.  
§ Dental visit within the past year was dichotomized into ‘Yes’ if the participant’s 
last dental visit was less than or equal to 12 months, or ‘No’ if it was greater than 
12 months.  
 
Statistical analysis 
All analyses were conducted using SAS Software version 9.4 (SAS Institute Inc., Cary, 
NC, USA). Survey procedures were used, accounting for NHANES complex, multistage 
sampling design.  Sampling weights were applied to account for unequal selection 
probabilities. Bivariate analysis was done to compare between learning disability groups 
in socio-demographic variables, and outcome variables using chi-square tests for 
categorical variables, and t-test for continuous variables. Logistic regression analysis was 
conducted to determine the association between learning disability with caries 
experience, and learning disability with caries experience in permanent dentition after 
controlling for possible confounders.  
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Results 
Sample characteristics 
Analyses show that approximately 1 in 10 US 6-15 children have learning disabilities. 
‘LD alone’ (7.2%) was more frequent than ‘LD with ADHD’ (4.5%), or ‘ADHD alone’ 
(4.8%). There were significant differences in age, gender, race/ethnicity, and family 
income distribution between groups (Table 1). The percentage of adolescents (12-15 year 
old) is higher in ‘LD with ADHD’ (56.8%), while ‘LD alone’, ‘ADHD alone’, and ‘non-
LD, non-ADHD’ were more likely to be young children (6-11 year old). Compared to the 
reference group, the percentage of boys in ‘ADHD alone’ (74.5%), or ‘LD with ADHD’ 
(73.3%) groups was highest, followed by ‘LD alone’ (59.3%). In ‘ADHD alone’ and ‘LD 
with ADHD’, the percentage of non-Hispanic Whites is higher (68.5% and 69.5%, 
respectively), and percentage of Hispanics is lower (11.9% and 10.2%, respectively) 
compared to the control group ‘non-LD, non-ADHD’. In contrast, among ‘LD alone’ the 
percentage of non-Hispanic Black is higher (19.2%) compared to ‘non-LD, non-ADHD’. 
The likelihood of high-income families in ‘ADHD alone’ (29.9%), and ‘non-LD, non-
ADHD’ (28.0%) was high. In contrast, ‘LD alone’ and ‘LD with ADHD’ were more 
likely to be of low-income (46.3% and 45.4%, respectively).  
There was significant difference between learning disability groups in dental 
insurance, total sugar per day, and dental visit within the past year (Table 2). The 
percentage of dental insurance was higher in ‘ADHD alone’ (82.2%) and ‘LD with 
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ADHD’ (76.4%) compared to ‘non-LD, non-ADHD’ (71.9%), and ‘LD alone’ (71.7%). 
The mean total sugar per day was higher in ‘ADHD alone’ (156.6±4.6) and ‘LD with 
ADHD’ (157.6±7.3) relative to the reference group (146.9±2.2). Compared to ‘non-LD, 
non-ADHD’, a dental visit within the past year was higher in ‘ADHD alone’ (83.8%) and 
non-LD non-ADHD (77.5%), but lower in ‘LD with ADHD’ (71.7%) and ‘LD alone’ 
(66.3%). 
Caries experience (primary and permanent dentition) 
The prevalence of caries experience was significantly different between groups (Table 2). 
The highest caries experience presented among ‘LD with ADHD’ children (64.6%), 
followed by ‘LD alone’ (56.6%), then ‘non-LD, non-ADHD’ (51.4%), and least among 
‘ADHD alone’ group (45.9%). Age stratification indicated that caries experience was 
slightly higher in 6-11year old than 12-15 year old (Figure 1). In both age groups (6-11 
and 12-15), ‘LD with ADHD’ and ‘LD alone’ similarly had higher dental caries 
experience compared to ‘non-LD, non-ADHD’ (Figure 1). In contrast, caries experience 
in ‘ADHD alone’ was similar to ‘non-LD, non-ADHD’ in 6- 11 year olds, but lower in 
12- 15 year olds. 
Multivariate regression analyses were conducted to examine the association 
between dental caries experience and having a learning disability, controlling for child’s 
age, gender, family income, race/ethnicity, dental visit within the past year, dental 
insurance, and total sugar (Table 3). The multivariate analysis indicated that children who 
have ‘LD with ADHD’ have significantly higher dental caries experience compared to 
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‘non-LD, non-ADHD’ (OR: 1.7, 95% CI: 1.2-2.4). Even though ‘LD alone’ children had 
higher dental caries (OR: 1.3, 95% CI: 0.9-1.6), it did not reach statistical significance. 
The model revealed that significantly higher dental caries experience was detected for 
who had a dental visit the past year, low and middle-income, and Hispanics (Table 3). In 
contrast, significantly lower dental caries experience was associated with non-Hispanic 
Blacks (Table 3). 
Caries experience for permanent dentition 
The prevalence of permanent dentition caries experience was significantly different 
between groups (Table 2). The highest caries experience presented among ‘LD with 
ADHD’ children (47.0%), followed by ‘LD alone’ (39.9%) compared to ‘non-LD, non-
ADHD’ (30.3%) and ADHD alone (30.0%).  
Multivariate regression analyses were conducted to examine the association 
between permanent dentition caries experience and having a learning disability, 
controlling for child’s age, gender, family income, race/ethnicity, dental visit within the 
past year, dental insurance, and total sugar (Table 3). The multivariate analysis indicated 
that children who have ‘LD with ADHD’ have significantly higher dental caries 
experience compared to ‘non-LD, non-ADHD’ (OR: 1.9, 95% CI: 1.3-2.7). ‘LD alone’ 
children had also significantly higher permanent dentition caries experience (OR: 1.6, 
95% CI: 1.1-2.2). The model revealed that significantly higher caries experience in 
permanent teeth was detected for who had a dental visit in the past year, low and middle-
income, and Hispanics (Table 3). In contrast, significantly lower permanent dentition 
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caries experience was associated with non-Hispanic Blacks, young children (6-11 year 
old), and boys (Table 3). 
Severity of dental caries 
There were significant differences between groups by mean dft/DMFT (Table 2). 
The mean dft/DMFT was higher for ‘LD with ADHD’ (3.0±0.5) compared to ‘non-LD, 
non-ADHD’ (1.9±0.06) (Table 2). Age stratification was performed to illustrate dental 
caries severity differences between groups (Figure 2). ‘LD with ADHD’ and ‘LD alone’ 
had higher mean dft/DMFT compared to the reference in both age groups. However, the 
mean dft/DMFT in ‘ADHD alone’ is higher than ‘non-LD, non-ADHD’ among young 
children 6-11, but lower in 12-15 year old children.   
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LD alone 
n(weighted 
%) 
ADHD 
alone 
n(weighted 
%) 
LD with 
ADHD 
n(weighted 
%) 
Non-LD,  
non-ADHD 
n(weighted 
%) 
 
P-value 
Total  531 (7.2%) 240 (4.8%) 270 (4.5%) 5730(83.5%)  
Age  
   6-11 230 (53.2%) 107(51.3%) 106(43.2%) 2797(61.3%) <0.0001 
   12-15  301(46.8%) 133(48.7%) 164(56.8%) 2933(38.7%) 
Gender  
   Boys  302(59.3%) 173(74.5%) 198(73.3%) 2663(47.7%) <0.0001 
Race/ethnicity 
   Non-Hispanic White 126 (58.0%) 95 (68.5%) 101(69.5%) 1418(59.3%) 0.01 
   Non-Hispanic Black 202 (19.2%) 84 (12.4%) 101(15.4%) 1815(15.0%) 
   Hispanics 191 (19.0%) 48 (11.9%) 58 (10.2%) 2267(19.6%) 
   Other 12 (3.8%) 13 (7.2%) 10 (4.9%) 230 (6.2%) 
Family Income  
   Low  312 (46.3%) 97 (31.2%) 130(45.4%) 2739(36.6%)  
0.03    Middle 155 (35.1%) 81 (38.9%) 106(37.4%) 1907(35.4%) 
   High   64 (18.6%) 62 (29.9%) 34 (17.2%) 1084(28.0%) 
Table 1: Descriptive statistics for 6-15 year old US children by learning disability status, 
NHANES 1999-2004 (n=6,771). 
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LD alone 
n(weighted 
%) 
ADHD 
alone 
n(weighted 
%) 
LD with 
ADHD 
n(weighted 
%) 
Non-LD,  
non-ADHD 
n(weighted 
%) 
 
P-value 
Dental Insurance 392(71.7%) 191(82.2%) 211(76.4%) 3937(71.9%) 0.008 
Total grams sugar per day  
(mean ±SE) 
144.2±5.3 156.6±4.6 157.6±7.3 146.9±2.2 <0.0001 
Dental visit within the 
past year 
348 (66.3%) 187(83.8%) 193(71.7%) 4090(77.5%) <0.0001 
Caries experience 297(56.6%) 117(45.9%) 153(64.6%) 3107(51.4%) 0.001 
Family Income  
Caries experience 
permanent dentition  
216 (39.9%) 81(30.0%) 113(47.0%) 2085(30.3%) <0.0001 
Dft/DMFT (mean 
±SE) 
2.3±0.2 1.9±0.2 3.0±0.5 1.9±0.06 0.007 
Table 2: Dental behaviors and dental health for 6-15 year old US children, NHANES 
1999-2004 (n=6,771).  
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Figure 2: Percent of dental caries experience (primary and permanent dentitions) in 
6-15 year old US children presented by age groups and disability status, NHANES 
1999-2004 
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Figure 3: Mean dft/DMFT among 6-15 year old US children illustrated by age group 
and disability status, NHANES 1999-2004. 
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 Caries experience 
 
 OR (95% CI) 
Caries experience for permanent 
dentition 
OR (95%CI) 
Learning disability status     
LD alone 1.3 (0.9-1.6) 1.6 (1.1-2.2)* 
ADHD alone 0.8 (0.5-1.1) 0.9 (0.6-1.4)  
LD with ADHD 1.7 (1.2-2.4)* 1.9 (1.3-2.7)* 
Non-LD, non-ADHD Reference 
Age     
6-11 1.1 (0.9-1.3) 0.3 (0.2-0.3)* 
12-15 Reference 
Gender    
Boys  0.9 (0.8- 1.1) 0.7 (0.6-0.8)* 
Girls  Reference 
Race/ ethnicity    
Non-Hispanic White Reference 
Non-Hispanic Black 0.8 (0.6-0.9)* 0.8 (0.6-0.9)* 
Hispanics   1.3 (1.1-1.6)* 1.3(1.1-1.6)* 
Family income     
Low  2.4 (1.9-2.9)* 2.1 (1.6-2.7)* 
Middle  1.6(1.3-1.9)* 1.4 (1.1-1.8)* 
High  Reference 
Have dental Insurance  1.1 (0.9-1.3) 1.0 (0.8-1.3) 
Had dental visit the past year  1.6 (1.3-1.9)* 1.6 (1.3-1.9)* 
Total sugar per day  1.0 (1.0-1.0) 1.0 (1.0-1.0) 
Table 3: Adjusted odd ratios for dental caries experience in 6-15 year old US children, 
NHANES 1999-2004 (n=6,010). 
 *Significant at (p<0.05) 
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Discussion 
The purpose of this study was to investigate whether children with LD are at higher 
dental caries risk. Due to the high comorbidity between LD and ADHD, the use of 
NHANES allowed us to distinguish the risk for dental caries in children who had LD 
alone, and ADHD alone from those who had LD with ADHD.  
Children with ‘LD alone’ had slightly higher dental caries experience compared 
to ‘non-LD, non-ADHD’. The difference in dental caries between ‘LD alone’ and ‘non-
LD, non-ADHD’ was significant for permanent dentition. This result could be due to the 
difficulty those children face when understanding and applying oral hygiene instructions. 
Children who experienced LD with ADHD had significantly higher prevalence 
and severity of dental caries than ‘non-LD, non-ADHD’. These findings could be 
explained by the complexity of medical condition in children with LD and ADHD that 
makes maintaining oral hygiene difficult. In addition, the higher likelihood to have dental 
caries in children with LD and ADHD might be attributed to xerostomia resulted from 
their higher use of prescribed medications.  
Existing literature about dental caries in children with LD was inconsistent. The 
prevalence of dental caries among children with LD in the current literature ranged 
between 50-76% (Vellappally et al. 2014, Dizwak et al. 2016, Oredugba and Akindayomi 2008, 
and Gizani et al. 1997). However, findings from these studies cannot be compared to the 
present study due to the differences in study methodology.  
Dental caries experience in children with ‘ADHD alone’ was not different from 
‘non-LD, non-ADHD’. Even though socio-demographic factors were controlled for in the 
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logistic regression model, this finding could be a residual influence of the high 
prevalence of ADHD in White and high-income children who have better access to dental 
services. 
To our knowledge, this is the first study to compare dental caries prevalence 
between children who present with LD and ADHD separately and LD with ADHD. The 
use of a nationally representative data allowed robust analysis that produced estimates at 
national level. However, our study have some limitations. Causality cannot be inferred 
due to the cross-sectional study design. In addition, diagnosis of LD and ADHD was 
dependent on parents or caregivers’ report, which makes under reporting a possibility.  
 
Conclusion  
The analyses indicated that children with LD have greater likelihood for dental 
caries, while   the likelihood for dental caries in children with LD and ADHD is much 
greater. These findings emphasize the higher need for caries prevention for children with 
LD, and LD with ADHD. Future studies should be directed to explore the influence of 
ADHD and LD severity on dental caries. In addition, longitudinal studies that estimate 
incidence of dental caries among these populations are advised to determine causes of 
their higher dental caries.  
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PAPER II: PARENTAL/ CAREGIVERS’ PERCEPTION OF ORAL HEALTH 
FOR CHILDREN WITH LEARNING DISABILITIES 
The concept of health and disease is not well developed during childhood (Hetherington 
et al. 1996; Bee 1998). Therefore, parents or caregivers are the primary decision makers 
for their child’s health and health care seeking behaviors. Children’s oral health outcomes 
depend on caregivers’ perception and awareness of the child’s oral health (Bhavna 2005, 
Sohn et al. 2008), however this can be challenging due to children’s limited ability to 
convey pain and illness (Theunissen et al. 1998). The literature on caregivers’ perception 
of children’s oral health is extensive.  Previous studies found that caregivers’ perception 
of their child’s oral health is associated with the child’s general health and family 
socioeconomic status (Piovesan et al. 2010; Wandera et al. 2009). Some studies indicate 
that poor perception of oral health is associated with multiple factors, such as child’s 
older age, experiencing toothache, and family’s poor quality of life (Gomez e al. 2015, 
Wandera et al. 2009). 
A barrier to a parent’s ability to identify that their child is sick is that caregivers 
often fail to recognize and respond to a child’s pain cues. This problem is compounded 
when providing care for children with special needs, because assessment can be complex, 
confusing and problematic (Carter et al. 2002). A child’s medical condition often 
severely compromises the ability to express pain through the usual verbal and behavioral 
routes. Caregivers usually report having difficulty assessing their special needs children’s 
illness or pain (Carter et al. 2002), reporting difficulty locating the source of discomfort, 
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and estimating the pain degree (Hennequin et al. 2000). It may be difficult for caregivers 
to differentiate pain from distress, fear, anxiety, or illness.  
Developmental disabilities such as autism, cerebral palsy, attention 
deficit/hyperactivity disorder (ADHD), and learning disabilities (LD) start early during a 
child’s development. Learning disabilities affects an individual’s cognition (imperfect 
ability to listen, think, read, speak, or write); while ADHD impairs attention and is 
characterized by hyperactivity. About 30-50% of children with ADHD also have a 
learning disability (Pham & Riviere 2015). When both LD and ADHD exist, children are 
reported to have lower cognitive function compared to children with neither condition 
(Huang et al. 2016). Even though children with isolated LD and ADHD had slightly 
greater functional and health impact (such as limited physical ability for at least 12 
months, needing help with personal care, taking prescription medication, or needing 
special equipment), children with combined LD and ADHD scored higher functional and 
health impact compared to children without developmental disabilities (Boulet et al. 
2009).  
Oral diseases disproportionally affect children with Special Health Care Needs 
(CSHCN) making this population require more frequent dental care. Oral health 
promotion programs have been proposed to increase CSHCN utilization for preventive 
dental care and treatment. Caregivers’ perception and awareness of oral health are 
essential for seeking dental care for children with special health care needs. Thus, 
addressing caregivers’ perception of their child’s oral health is essential to achieve 
effective promotion programs.  
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Caregivers’ perception of CSHCN oral health is addressed in the literature 
(Kenney et al 2008, Piovesan et al 2011). However, CSHCN exhibit variability in their 
physical, mental, and communication skills. The literature on caregivers’ perception of 
their LD children’s oral health is lacking. Given the role of caregivers in seeking dental 
care for their children, shedding light on how well caregivers’ perceive their LD child’s 
oral health is needed to improve their oral health outcomes.  
Therefore, the objective of this study is to explore how well caregivers perceive 
children’s oral health relative to dental professional assessment. This study aims to 
answer the following research questions: 
• Does LD in the absence or presence of ADHD influence caregivers’ 
perception of children’s oral health? 
• Does LD in the absence or presence of ADHD influence the accuracy of 
caregivers’ perception of the children’s oral health? 
 
Methods 
Data from the 1999-2002 National Health and Nutrition Examination Surveys 
(NHANES) were used. NHANES is a program of the National Center for Health 
Statistics (NCHS) which consists of cross-sectional studies that are designed to assess the 
health and nutritional status of adults and children in the United States. A major strength 
of the database is that it combines interviews and clinical examinations. 
Sampling method: 
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A stratified, multistage probability sample of the civilian non-institutionalized 
U.S. population is used which over-samples low-income individuals, adolescents (12 to 
19 years old), the senior citizen population (older than 60 years of age), African 
Americans, and Mexican Americans. Sampling is conducted in multiple stages: first, 
primary sampling units (PSU) are selected, consisting of counties or small groups of 
counties. Segments (a block or group of blocks) are then selected from within the PSUs. 
Finally, one or more participants are selected from identified households in the segments.  
Data collection 
The data were collected by NHANES using both at home face-to-face interviews 
and clinical examinations in mobile examination centers. If survey participants were 
under the age of 16, the household interviews were conducted with a proxy (a guardian or 
parent). In cases where no one over the age of 16 lived in the household, survey 
participants were allowed to self-report. 
For the purpose of this paper, we included 6-15 year old children from NHANES 
1999-2002, who have complete medical conditions questionnaire, oral health 
questionnaire, and oral health examination (n=4,682). 
Variables of interest 
Primary outcome variables were caregivers’ perception of child’s oral health, dentist’s 
recommendation for care. 
• Caregivers’ perception was measured using one question in NHANES “How 
would you describe the condition of sample person’s mouth and teeth?”. 
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Respondents (parents or caregivers) chose either very good, good, fair, or poor. 
For simpler interpretation, we merged ‘very good’ with ‘good’, and ‘fair’ with 
‘poor’.  
• Dental examiners recorded their recommendation for care as ‘see the dentist 
immediately’, ‘within the next 2 weeks’, ‘at earliest convenience’, or ‘continue 
regular routine care’. Individuals with severe tooth pain, hemorrhage, acute 
infection, traumatic injury, unusual swelling, or oral conditions that obstruct the 
airway were recommended to see dentist immediately. Cases with tooth fracture, 
visible oral lesion or condition, lost restoration, chronic pain, or other condition 
that is unlikely to resolve without professional intervention were recommended 
to see dentist within two weeks. When the sample participant had incipient/early 
caries lesions or mild gingivitis, they are recommended to see dentist at earliest 
convenience. When none of the above conditions exist, the dental examiner 
recommends continuing regular routine care. This variable was dichotomized 
into ‘dental care needed’ (including ‘see the dentist immediately’, ‘within the 
next 2 weeks’, and ‘at earliest convenience’); and ‘dental care not needed’ 
(including: ‘continue regular routine care’).  
Primary predictor variable was learning disability status. Two survey questions were 
used to determine a child’s learning disability status: 
1. Has a representative from a school or a health professional ever told {you/SP} 
that {s/he/SP} had a learning disability (MCQ083)? 
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2. Has a doctor or health professional ever told {you/SP} that {you/s/he/SP} 
have attention deficit disorder (MCQ060)? 
Children who received diagnosis of both conditions are categorized as ‘LD with ADHD’, 
children who were diagnosed as LD but not ADHD are categorized ‘LD alone’, children 
who were diagnosed with ADHD but not LD are categorized as ‘ADHD alone’, and who 
were not diagnosed with neither are ‘non-LD, non-ADHD’. The following chart 
illustrates the method of categorizing learning disability status:  
Figure 1: Categories of learning disability status 
 
 
Covariates included were age, gender, family income, race/ethnicity, dental insurance, 
dft/DMFT, and dental visit within the past year. 
§ Age was categorized to correspond with teeth development phases of commonly 
used in dental caries examination: 6-11, and 12-15 years.  
Learning	
Disabili-es		
YES		 ADHD	
YES	 LD	with	ADHD	
NO	 LD	alone	
NO	 ADHD	
YES	 ADHD	alone	
NO	 Non-	LD,	non-	ADHD	
Categories of learning disability status 
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§ Family income was determined based on family poverty to income ratio (PIR). 
This variable was categorized into less than or equal to 1.3 PIR (low), 1.4 to 3.4 
PIR (middle), and greater than or equal to 3.5 PIR (high). 
§  Race/ethnicity was categorized as non-Hispanic White, non-Hispanic Black, 
Hispanics, and other race/ethnicity. Hispanics included Mexican American, and 
other Hispanics. 
§ Dental insurance was dichotomized to ‘who have dental insurance’, and ‘who do 
not have health insurance or dental coverage’.  
§ Dental visit within the past year was dichotomized into ‘Yes’ if the participant’s 
last dental visit was less than or equal to 12 months, or ‘No’ if it was greater than 
12 months.  
§ dft/DMFT consisted of primary and permanent teeth with a coronal surface 
condition, missing due to dental disease, and missing due to dental disease but 
replaced.  
Statistical analysis 
SAS Software version 9.4 (SAS Institute Inc., Cary, NC, USA) was used. Survey 
procedures was performed to account for the NHANES complex sampling design.  All 
analyses were adjusted with the appropriate weight to account for unequal selection 
probabilities. Bivariate analysis using chi-square analysis for categorical variables and t-
tests for continuous variables were conducted to compare between LD groups in 
sociodemographic variables, caregiver’s perception of child’s oral health, and dentist’s 
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recommendation for care. The concordance between caregivers’ perception of their 
child’s oral health and the dentist’s recommendation for care was categorized as 
demonstrated in the table below.  
Caregivers’ 
assessment 
Dentist’s  recommendation  
 Dental care needed 
 
Dental care not needed 
Good  Disagreement (a) Agreement (b) 
Poor  Agreement (c) Disagreement (d) 
Table 4: Concordance between caregiver perceptions and dentists recommendations of 
child’s oral health 
 
 
Based on the concordance categorization percent agreement was calculated using 
the following equation:  Percent of agreement= b+c/a+b+c+d 
Kappa statistics were also calculated to measure the agreement between 
caregivers’ perception of children’s oral health and dentist’s recommendation for care. 
Logistic regressions were conducted to explore the association between LD status by 
caregiver’s perception of poor oral health, and by agreement between caregivers’ 
perception and dentist’s recommendation for care.  
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Results 
Sample characteristics 
About 7% of school-aged children have LD without ADHD, 5% have ADHD alone, and 
4% had LD with ADHD. There were significant difference between groups in the 
distribution of age, gender, and race/ethnicity (Table 4). Older age (12-15 year) 
represented a higher proportion of ‘LD with ADHD’ (56.0%) and ‘LD alone’ (53.7%). 
‘ADHD alone’ (54.4%) and ‘non-LD, non-ADHD’ (63.0%) were more likely to be 
younger (6-11 year old). Boys constituted greater percentage of ‘ADHD alone’ (78.4%), 
‘LD with ADHD’ (71.9%), and ‘LD alone’ (56.4%), compared to ‘non-LD, non-ADHD’ 
(48.1%). ‘ADHD alone’ and ‘LD with ADHD’ have greater percentages of non-Hispanic 
White (71.5% and 70.1%, respectively), and lower percentage of Hispanics (11.6% and 
11.9%, respectively) and other (3.2% and 3.5%, respectively) compared to ‘non-LD, non-
ADHD’.  The likelihood of being non-Hispanic Black was higher in ‘LD alone’ (19.2%) 
compared to other LD status groups.  
There were significant differences between groups in dental insurance and a 
dental visit within the past year (Table 4). ‘ADHD alone’ was more likely to have dental 
insurance (81.3%) and a dental visit within the past year (81.4%) compared to the 
reference group, while LD alone was least likely to be insured (70.5%) or have had a 
dental visit (64.2%). The mean dft/DMFT values range between (1.5±0.3) for ‘ADHD 
alone’, and (3.0±0.8) in ‘LD with ADHD’ group, with no statistically significant 
difference between the groups (p=0.2).  
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Caregiver’s perception of oral health 
Caregivers were more likely to report poor oral health for ‘LD with ADHD’ (29.0%), 
‘LD alone’ (27.3%), and ‘ADHD alone’ (19.3%) children than ‘non-LD, non-ADHD’ 
children (15.7%) (Table 4). The multivariable regression analysis showed that examined 
caregivers’ perception of poor oral health was two times greater in ‘LD with ADHD’ 
(OR: 2.0, 95%CI: 1.3-3.1), ‘ADHD alone’ (OR: 1.9, 95%CI: 1.1-3.0), and ‘LD alone’ 
(OR: 1.8, 95%CI: 1.2-2.8) compared to ‘non-LD, non-ADHD’, after adjusting for 
confounding.  The model also found that higher likelihood of poor oral health perception 
in children was significantly associated with dental caries, minority race/ethnicity, low 
income, and young children (6-11) (Table 5). In contrast, having dental insurance or a 
dental visit within the past year were associated with significantly lower odds of 
perceiving poor oral health. (Table 5). 
Professional recommendation for care 
The majority of children were recommended to ‘continue routine care’, or to ‘see dentist 
at earliest convenience’ (Table 6[1]). Among children who recommended to ‘see dentist 
at earliest convenience’ or ‘continue routine care’, a high percentage of caregivers’ 
perceived those children’s oral health as very good to good (Table 6). Among those who 
were recommended for immediate care or within 2 weeks, caregivers were more likely to 
perceive their child’s health as being fair to poor (immediate care: 66.6%, within 2 
weeks: 53.6%). Dental care was recommended for a higher percentage of ‘LD with 
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ADHD’ (48.8%) and ‘LD alone’ (47.7%) compared to ‘non-LD, non-ADHD children’ 
(36.9%)  (Table 4). 
Accuracy of caregivers’ assessment 
The concordance between caregivers’ perception and dentist’s recommendation were 
measured using percent agreement and kappa statistics (Table 7). Percent agreement 
indicated that the agreement was good. However, it was lower in ‘LD alone’, ‘ADHD 
alone’, and ‘LD with ADHD’ in comparison to the control (Table7).  The percent 
agreement in LD status groups differed by age (Figure 3). Except ‘LD alone’ children, 
the agreement for older 12-15 year old children was lower than 6-11 year old children in 
all the LD status groups. 
Kappa statistics for the concordance of caregivers’ perception and dentist’s 
recommendation for care showed different results. The agreement was poor for the 
reference group ‘non-LD, non-ADHD’ (19.7%). Similarly, disability groups had lower 
kappa agreement compared to the reference (Table 7), and ‘ADHD alone’ group had the 
lowest agreement (2.9%) using kappa statistics.  
After controlling for confounders in logistic regression model (Table 8), children 
with ‘LD alone’ and ‘LD with ADHD’ had lower odds of agreement, but it was not 
statistically significant. ‘ADHD alone’ was significantly associated with lower agreement 
between caregivers’ perception and dentists’ assessment compared to ‘non-LD, non-
ADHD’ (OR: 0.5, 95% CI: 0.3-0.8). The agreement was significantly lower among non-
Hispanic Black, and low and middle-income families. The higher dft/DMFT was 
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associated with lower agreement (OR: 0.9, 95%CI: 0.8-09). In contrast, young children 
(6-11), and having a dental visit within the past year were associated with significantly 
higher odds of agreement (Table 8).   
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 LD ALONE 
 
N(WEIGHTED 
%) 
ADHD ALONE 
 
N(WEIGHTED 
%) 
LD WITH 
ADHD 
N(WEIGHTED 
%) 
NON-LD, 
 NON-ADHD 
N(WEIGHTED 
%) 
P-
VALUE 
TOTAL  366 (7.1%) 165 (4.9%) 175 (4.3%) 3976 (83.6%)  
AGE           
    6-11 143 (46.3%) 81 (54.4%) 73 (44.0%) 1955 (63.0%) <0.0001 
    12-15 223 (53.7%) 84 (45.6%) 102 (56.0%) 2021 (37.0%) 
GENDER           
     BOYS 203(56.4%) 123(78.4%) 123(71.9%) 1858 (48.1%) <0.0001 
RACE/ ETHNICITY       
   NON-HISPANIC 
WHITE 
89 (58.2%) 72 (71.5%) 66 (70.1%) 969 (58.8%) 0.01 
   NON-HISPANIC 
BLACK 
136 (19.2%) 60 (13.6%) 61 (14.5%) 1197 (14.6%) 
   HISPANICS  132 (18.3%) 28 (11.6%) 42 (11.9%) 1662 (20.6%) 
   OTHER  9 (4.3%) 5 (3.2%) 6 (3.5%) 148 (5.9%) 
FAMILY INCOME      
     LOW 219 (45.5%) 68 (32.5%) 89(45.8%) 1962 (38.1%) 0.05 
     MIDDLE 96 (32.4%) 52 (35.0%) 65 (38.6%) 1278 (34.5%) 
     HIGH 51 (22.1%) 45 (32.4%) 21 (15.6%) 736 (27.4%) 
DENTAL INSURANCE  264 (70.5%) 130(81.3%) 131 (76.8%) 2689 (71.6%) 0.03 
DENTAL VISIT THE 
PAST YEAR 
237 (64.2%) 127(81.4%) 123 (72.1%) 2791(76.6%) 0.0009 
DFT/DMFT MEAN 
(±SE) 
2.1 (±0.2) 1.5(±0.3) 3.0 (±0.8) 1.8 (±0.1) 0.23 
CAREGIVERS’ 
ASSESSMENT  
     
    POOR ORAL 
HEALTH 
118(27.3%) 36 (19.3%) 54 (29.0%) 882(15.7%) <0.0001 
RECOMMENDATION 
FOR CARE 
          
    DENTAL CARE 
NEEDED 
189 (47.7%) 72 (42.0%) 84 (48.8%) 1744 (36.9%) 0.004 
Table 5: Characteristics of 6-15 year old US children by learning disability status, 
NHANES 1999-2002 (n=4,682). 
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  POOR ORAL HEALTH  
OR (95% CI) 
LEARNING DISABILITY STATUS   
     LD ALONE  1.8 (1.2-2.8)* 
     ADHD ALONE 1.9 (1.1-3.0)* 
     LD WITH ADHD 2.0 (1.3-3.1)* 
     NON-LD, NON-ADHD Reference  
AGE    
     6-11 1.2 (0.9-1.5) 
     12-15 Reference  
GENDER    
      BOYS 0.9 (0.7-1.1) 
      GIRLS  Reference  
RACE/ ETHNICITY    
      NON-HISPANIC WHITE Reference  
      NON-HISPANIC BLACK 2.2 (1.7-2.8)* 
      HISPANICS  2.3 (1.8-2.9)* 
FAMILY INCOME   
      LOW  1.8 (1.1-3.0)* 
      MIDDLE 1.4 (0.9-2.1) 
      HIGH  Reference  
HAD DENTAL INSURANCE  0.8 (0.6-0.9)*  
DENTAL VISIT THE PAST YEAR 0.5 (0.4-0.7)* 
DFT/DMFT  1.2 (1.2-1.3)* 
Table 6: Logistic regression of caregivers’ perception of 6-15 year-old children’s poor 
oral health, NHANES 1999-2002 (n=4,373). 
*Significant at p<0.05 
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Caregivers’ 
perception  
Dentist’s recommendation for care  
Immediately  
n (%) 
Within 2 
weeks  
n (%) 
Earliest 
convenience  
n (%) 
Routine care  
n (%) 
Very good 0 24 (15.7) 532 (27.4) 1113(45.9) 
Good  1 (33.3) 47 (30.7) 800 (41.2) 949 (39.1) 
Fair  1 (33.3) 45 (29.4) 498 (25.7) 310 (12.8) 
Poor  1 (33.3) 37 (24.2) 110 (5.7) 54 (2.2) 
Table 7: Distribution of dentist’s recommendation for care by caregivers’ perception of 
oral health for sample of 6-15 year old children in NHANES 1999-2002. 
 
 
 
Caregivers’ 
perception 
Dental care needed 
weighted  col % 
Dental care not 
needed  
weighted col % 
Agreement 
Weighted 
% 
Kappa 
%  
LD alone 
Good  65.7 76.8  
56.5 
 
11.3 Poor   34.3  23.2 
ADHD alone 
Good 82.4 78.6  
53.1 
 
2.9 Poor   17.6  21.4 
LD with ADHD 
Good  64.8 76.0  
56.1 
 
17.6 Poor  35.2 24.0 
Non-LD, non-ADHD 
 Good 72.5 91.2  
67.7 
 
19.7  Poor  27.5 8.8 
Table 8: Agreement of parental/ caregivers’ perception of 6-15 year old children’s oral 
health with professional recommendation for dental care by learning disability status, 
NHANES 1999-2002.  
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Figure 4: Percentage of agreement of parental/caregivers' assessment of children oral 
health with professional recommendation for dental care by learning disability status and 
age group, NHANES 1999-2002. 
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  Agreement  
OR (95 % CI) 
Learning disability status   
LD alone 0.8 (0.5-1.0) 
 ADHD alone 0.5 (0.3-0.8)* 
 LD with ADHD 0.8 (0.5-1.2) 
 Non-LD, non-ADHD Reference  
Age    
6-11 1.5 (1.2-1.8)* 
12-15 Reference  
Gender    
Boys 0.9 (0.8-1.2) 
Girls  Reference  
Race/ ethnicity    
Non-Hispanic White Reference  
Non-Hispanic Black 0.7 (0.5-0.9)* 
 Hispanics 0.9 (0.7-1.2) 
Family income   
Low  0.5 (0.3-0.7)* 
Middle  0.6 (0.4-0.8)* 
High  Reference  
Have Dental Insurance 0.9 (0.7-1.0) 
Had Dental visit the past year 1.9 (1.5-2.4)* 
dft/DMFT 0.9 (0.8-0.9)* 
Table 9: Logistic regression of agreement of parental/caregivers’ evaluation of 6-15 year 
old children’s oral health with dentist’s recommendation for dental care, NHANES 1999-
2002 (n=4,213) 
      *Significant at p<0.05 
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Discussion 
The 1999-2002 National Health and Nutrition Examination Survey provides information 
about parental assessment of dental health of their child and a dental professional’s dental 
examination that allows for the evaluation of concordance between caregivers’ perception 
and that of dentists across some developmental disorders. This comparison can be an 
indicator of the level of parental awareness of their child’s oral health status and needs. 
The study analyses found that 15-27% of caregivers perceived their children’s oral health 
as poor. The perception of poor oral health was significantly higher for children 
diagnosed with LD (27.1%), ADHD (18.9%), and both (28.6%). This results are in line 
with a previous study on CSHCN (Kenney et al 2008), which reported that CSHCN are 
highly susceptible to oral diseases, which may be the reason for caregivers’ elevated 
report of their child’s poor oral health. In contrast, the Kenney et al. study reported 
relatively lower proportions of LD and ADHD children with perceived poor oral health 
using 2003 NSCH data (ADHD: 15.9%, LD: 19.7%) compared to our study (ADHD: 
18.9%, LD: 27.1%). This variation could be due to the different sampling or 
questionnaire design used in NHANES compared to NSCH. Consistent with previous 
studies (Kenney et al 2008, Piovesan et al 2011), this study showed that perceived poor 
oral health was significantly more frequent among families of color and low-income 
households.  
Caregivers’ assessment of children’s oral health showed poor agreement with 
dentist’s recommendation for dental care. Using kappa statistic is more reliable than 
percent agreement because it gives robust measure of agreement taking into account the 
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role of chance. The finding highlights that caregivers in general need help in estimating 
their children’s oral health needs.  
Parents of children with ADHD alone were most likely to disagree with 
professional recommendation (OR: 0.49, 95% CI: 0.29-0.81) in reference to non-LD, 
non-ADHD children, which may reflect the confusion caregivers face when interpreting 
behavioral problems. These findings might be due to the possibility that behaviors of 
children with combined LD/ADHD are better controlled because they were receiving 
more intervention (behavioral and medication) to control severe symptoms presented by 
both conditions. In contrast, children with isolated ADHD are not expected to receive as 
much intervention to control their behaviors. About 56% of children with ADHD 
combined with other developmental disabilities were reported in previous study to be on 
prescribed medications, while 51% of children with isolated ADHD are on medications 
(Boulet et al. 2009).This assumption can be verified in future studies by assessing the 
influence of child’s behavior on caregiver’s perception of children’s oral health.  
This study had some limitations that may influence the results interpretation. Due 
to the cross-sectional study design, inferences about causal relationships cannot be made. 
Therefore, longitudinal studies are suggested to better establish the relation between 
learning disabilities and caregivers’ perception of oral health. Diagnoses of ADHD, and 
LD could be underestimated because it was dependent on self-report. In addition, 
measuring caregivers’ perception was based on using a one-item question, which may not 
reflect all aspects of perception. In circumstances where households had no one above the 
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age of 16, NHANES allowed children to self-report. However, the chance that such cases 
exist is low, and is not expected to violate our interpretation.   
Despite these limitations, the use of nationally representative data allowed us to 
estimate caregivers’ perception of their children’s oral health. In addition, the NHANES’ 
concurrent availability of a dental professional’s assessment of the child’s need provides 
the opportunity to evaluate the accuracy of caregivers’ perception. To our knowledge, 
this is the first study that evaluate the accuracy of caregivers’ perception of oral health in 
children with LD, ADHD, and LD with ADHD. 
 
Conclusion 
Caregivers perceived poorer oral health in children with LD, ADHD, and LD with 
ADHD. The agreement between caregivers’ and dentist’s assessments of children’s oral 
health was lower in LD, ADHD, and LD with ADHD children. Caregivers’ perception of 
oral health is a determinant of their child’s dental care access. Therefore, educating 
caregivers about the signs of dental discomfort such as behavioral changes and utilizing a 
pain assessment to facilitate communication are recommended. Emphasizing the 
importance of frequent dental visits and preventive strategies for children with learning 
disabilities are the guide to better oral health. Integrating dental care in with the health 
care system is an effective way to monitor oral health status for children with learning 
disabilities. Future studies should be directed to explore the influence of caregivers’ 
characteristics on the accuracy of their perception of children’s oral health.  
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PAPER III: DENTAL SERVICES UTILIZATION OF CHILDREN WITH 
LEARNING DISABILITIES 
The American Academy of Pediatric Dentistry (AAPD) defines the dental home as “the 
ongoing relationship between the dentist and the patient, inclusive of all aspects of oral 
health care delivered in a comprehensive, continuously accessible, coordinated, and 
family-centered way.” AAPD recommends establishing a child’s dental home by 12 
months of age (AAPD 2015). Dental care, especially preventive dental care, is essential 
for maintaining a child’s oral health (Savage et al 2004).  
Children with special health care needs (CSHCN) are defined by the U.S. 
Maternal and Child Health Bureau as “those who have or are at increased risk for a 
chronic physical, developmental, behavioral, or emotional condition and who also require 
health and related services of a type or amount beyond that required by children 
generally”. CSHCN are more likely to have oral diseases (Weddell et al. 2004), and these 
diseases also have a greater impact on overall health in CSHCN children (Thikkurissy 
and Lal 2009).  
The Surgeon General’s 2000 report was the first to emphasize disparities in 
accessing oral health for individuals with complex medical conditions such as CSHCN. 
Dental care needs as the most unmet healthcare need for CSHCN (Lewis et al 2005). 
However, recent  had a dental visit  studies reported that CSHCN were as likely to have
within the past year as non-CSHCN Van Cleave and (Lida et al. 2010, Beil et al 2009, 
Davis 2008 receive similar types of dental services as non-CSHCN (Beil et al. ), and to 
2009). 
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Research shows that having unmet dental care needs is associated with adverse 
health outcomes in children (Dye et al. 2007). The experience for CSHCN is even worse, 
with more than three quarters of CSHCN in the National Survey of CSHCN (NS-
CSHCN) reporting needing dental care in the last 12 months (Van Cleave and Davis 
2008, Newacheck and Kim 2005, Lewis 2009, Lewis et al. 2005). Even worse, 
approximately 10% of CSHCN with dental care needs did not completely receive the care 
they needed (Lewis et al. 2005).  
Children with Learning disability (LD) are a subset of CSHCN. LD is one of the 
most common neurodevelopmental disorders affecting children in the US. LD affects a 
child’s ability to read, write, listen, speak, or do mathematics. About one-third of children 
who receive special education in the US have any kind of learning disability (US Depart. 
of Education 2010).  
Data from the National Health Interview Survey show that children with LD more 
frequently utilize health care services than children without developmental disabilities 
(Schieve et al. 2012). Despite greater utilization of services, children with learning 
disabilities report more unmet and delayed healthcare needs (Schieve et al. 2012). In 
addition, antecedent literature indicated that adults with learning disabilities had low rates 
of dental services utilization (Wu et al 2007). Internal factors such as anxiety about dental 
treatment, inability to tolerate dental therapy, and inability to communicate dental pain 
were some of the cited barriers to dental care access for individuals with developmental 
disabilities such as LD (Koneru & Sigal 2009).  
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Dental care access and needs for children with learning disabilities are lacking in 
the literature. Assessing dental care utilization and needs will help in establish a basis for 
effective strategies to improve access to dental care, and the oral health of this 
population.  
Therefore, the objective of this study is to investigate the pattern of dental 
services utilization, and unmet dental needs of children with LD. This study aims to 
answer the following research questions: 
• Do children with learning disabilities differ in their use of dental services from 
children without learning disabilities? 
• Do children with learning disabilities have higher unmet dental needs 
compared to children without learning disabilities? 
• Do severely affected LD children differ in dental services utilization 
compared to those with mild LD? 
• Do severely affected LD children reported higher unmet dental needs 
compared to mild LD children? 
 
Methods 
Data from the 2011-2012 National Survey of Children Health (NSCH) was used.  NSCH 
is a cross-sectional telephone survey program that is sponsored by the United States 
Department of Health and Human Services (DHHS), Health Resources and Services 
Administration (HRSA), and Maternal and Child Health Bureau (MCHB). The CDC’s 
National Center for Health Statistics conducts the surveys using the State and Local Area 
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Integrated Telephone Survey program (SLAITS). Surveys explore children’s physical 
and emotional health, medical homes, family interactions, parental health, school and 
after-school experiences, and neighborhood characteristics of children in the United 
States. 
Study population 
National Survey of Children’s Health (NSCH) is a nationwide telephone questionnaire 
that collects health information from non-institutionalized children under the age of 18 
years, living in the 50 states and the District of Columbia.  
Sampling method 
The sample is selected based on list-assisted random-digit-dial (RDD) of landline 
telephone numbers, supplemented with an independent RDD sample of cell-phone 
numbers. Households are called and screened to identify whether they have children 
between 0 and 17 years old. One child is randomly selected from each household to be 
the subject of the interview. Approximately 1,850 interviews are collected per state 
(range 1,811 to 2,200 interviews/state) in the 2011/12 NSCH. A complex survey design is 
used, stratified by state and sample type (landline or cell-phone). Questionnaires were 
professionally translated into Spanish, Mandarin, Cantonese, Vietnamese, and Korean.  
Data collection  
A parent or guardian who is knowledgeable about the health and health care of the 
sampled child in the household responded to the interview questions.  
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To address the study objective, we included 3-17 year old children who completed child’s 
health and functional status, and health care access and utilization section in NSCH 
2011/12 (n=79,480). 
Variables of interest 
Outcome variables were dental services utilization (any, and preventive), and unmet 
dental needs. 
• Dental services utilization: these were based on two questions in NSCH 
1. Any dental visit: “During the past 12 months/since [his/her] birth, did 
[child name] see a dentist for any kind of dental care, including check-
ups, dental cleanings, x-rays, or filling cavities?” 
2. Preventive dental visit: “During the past 12 months/since [his/her] birth, 
how many times did [child name] see a dentist for preventive dental care 
such as check-ups and dental cleanings?” 
Preventive dental visit was dichotomized to ‘zero’, and ‘one or more’. 
• Unmet dental needs: respondents were asked two questions in NSCH 
1. [During the past 12 months/Since [his/her] birth], was there any time 
when [S.C.] needed health care but it was delayed or not received?  
2. What type of care was delayed or not received? Mark all that apply 
(1)Medical Care 
(2)Dental Care  
(3)Vision Care   
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(4)Mental Health Services  
(5)Something Else  
The unmet dental needs variable was dichotomized based on both questions into 
‘have unmet dental care need’, and ‘do not have unmet health care need, or have other 
than dental care unmet need’. 
Predictor variables were learning disability status, and severity of learning 
disability.  
• Learning disability status: a set of questions in NSCH was used to create this 
variable 
1. Has a doctor, health care provider, teacher, or school official ever told you 
[S.C.] had a learning disability?  
2. Does [S.C.] currently have a learning disability?  
Ø LD condition was dichotomized to ‘children who currently have the condition’, 
and ‘children who didn’t receive professional diagnosis for LD’.  
Ø CSHCN were determined based on the qualifying screener tool, which was 
developed by the Child and Adolescent Health Measurement Initiative (CAHMI 
2012): functional limitations, prescribed medication, and elevated or above 
routine services use (such as: pediatric specialist care; early intervention; mental 
health care; developmental disabilities; special education; physical, occupational 
or speech therapies). Children who had one or more of the qualifying criteria were 
identified as being CSHCN, while those answering ‘no’ to all of the qualifying 
criteria were categorized as being non-CSHCN. 
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Then, LD status was categorized based on diagnosis of learning disability and 
CSHCN as illustrated in the below table. 
 LD Non-LD 
CSHCN LD and CSHCN Non-LD, CSHCN 
Non-CSHCN LD alone Non-LD, non-CSHCN 
Table 10: LD status based on diagnosis of learning disability and CSHCN 
 
 
• Learning disability severity was identified in NSCH based on one question 
“Would you describe [his/her] learning disability as mild, moderate or severe?”. 
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Covariates were selected based on prior literature: age, gender, family income, 
race/ethnicity, health insurance coverage, and family structure.  
• Age categories in NSCH were 3-5 years, 6-11 years, and 12-17 years old.  
• Family income categories in NSCH were less than 100% FPL, 100-199% FPL, 
200-399% FPL, and 400% or more FPL. 
• Race/ethnicity categories in NSCH were Hispanic, non-Hispanic White, non-
Hispanic Black, and other race/ethnicity. 
• Health insurance in NSCH was either uninsured, publicly insured including 
Medicaid or SCHIP, or private insurance. 
• Family structure in NSCH was either two parents, two parents with at least one 
step-parent, mother only, or other family structure e.g., two mothers of the same 
type (biological, step, foster, or adoptive). 
Statistical analysis 
Statistical analysis was conducted using SAS Software version 9.4 (SAS Institute Inc., 
Cary, NC, USA) and accounted for the complex sampling design. All analyses were 
adjusted with the appropriate weights to account for unequal selection probabilities. 
Bivariate analyses using chi-square tests were performed to compare sociodemographic 
variables between learning disability groups. Logistic regression models were created for 
each outcome variable (any dental visit, preventive dental visit, and unmet dental needs) 
to determine the influence of learning disability in a multivariate environment. Separate 
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regression models were established to evaluate whether severity of LD had an effect on 
each of the outcome variables.  
 
Results 
Sample characteristics 
Of the 79,480 children included in our analyses, 6,374 (~8%) were reported as currently 
having a learning disability, with 6.1% defined as having ‘LD and CSHCN’, and 2.1% 
had ‘LD alone’. There were significant differences between groups by age, gender, 
race/ethnicity, poverty level, health insurance, and family structure (p<0.0001) (Table 9). 
Children aged 12-17 represented larger proportion of ‘LD alone‘(55.8%), ‘LD and 
CSHCN’ (50.1%), and ‘non-LD, CSHCN’ (44.6%) in comparison to ‘non-LD, non-
CSHCN’ (38%). Younger children (3-5 years old) were more likely to fall in the non-LD, 
CSHCN category (15.1%) or the non-LD, non-CSHCN (22.8%) categories. Boys form 
larger proportions of ‘LD alone’ (55.8%), ‘LD and CSHCN’ groups (67.0%), and ‘non-
LD, CSHCN’ (54.1%) compared to ‘non-LD, non-CSHCN’ (48.6%). non-Hispanic 
Whites were more likely to be ‘LD alone’ (24.5%), ‘LD, CSHCN’ (19.2%)[2], or ‘non-
LD, non-CSHCN’ (24.6%). Hispanics were slightly more likely to be ‘LD, CSHCN’ 
(17.3%). Low income children represented higher proportions of the ‘LD alone’ and ‘LD 
and CSHCN’, children, while wealthier children (400% or more FPL) were more 
frequent in the ‘non-LD, CSHCN’ and ‘non-LD, non-CSHCN’ groups.  
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‘LD alone’ and ‘LD and CSHCN’ were more likely to have public insurance 
compared to ‘non-LD, non-CSHCN’ (50.2%, and 54.9%, respectively vs. 33.2%) 
compared to ‘non-LD, non-CSHCN’. Lower proportion of ‘LD alone’ (56.1%), ‘non-LD, 
CSHCN’ (55.7%), and ‘LD and CSHCN’ (48.7%) had two parent family structures 
compared to ‘non-LD, non-CSHCN’ (66.1%). 
Dental services utilization 
‘LD alone’ (79.9%) had lower use any of dental services compared to ‘non-LD, 
non-CSHCN’ (83.4%) (Figure 4). Fewer ‘LD alone’ children also had preventive dental 
visit within the past year compared to ‘non-LD, non-CSHCN’ (78.9% vs. 83.1%) (Figure 
4).  
These findings were consistent after controlling for confounders in the logistic 
regression model (Table 10).  ‘LD alone’ children used significantly fewer dental visits in 
general, and preventive dental visits (OR: 0.7, 95%CI: 0.5-0.9; OR: 0.6, 95%CI: 0.5-0.9, 
respectively) compared to ‘non-LD, non-CSHCN’ children. ‘LD and CSHCN’ and ‘non-
LD, CSHCN’ children were not statically different from ‘non-LD, non-CSHCN’ children 
for any dental visit (OR: 0.9, 95% CI: 0.8-1.2; OR: 1.1, 95%CI: 0.9-1.3, respectively), or 
a preventive dental visit (OR: 0.9, 95%CI: 0.8-1.2; OR: 1.1, 95% CI: 0.9-1.3, 
respectively). Multivariable regression analyses describing dental services utilization 
(any, and preventive dental visit) within the past year indicated that dental visits were 
inversely associated with lower than 400% FPL family incomes, being uninsured, 
younger age (3-5years old), other race/ethnicity, and being of other family structure 
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(Table 10). Compared to adolescents, children aged 6-11 had significantly higher odds 
for dental services utilization (any, and preventive dental visit). 
Another multivariate model was used to test the effect of LD severity on dental 
services utilization (Table 11). The analysis indicated that mild, and moderate/severe LD 
did not significantly differ in dental services utilization (any, and preventive dental visits) 
from non-LD children. 
Unmet dental needs 
About 2.6% of the children in NSCH reported having unmet dental needs. Percentages of 
unmet dental needs were higher among ‘LD and CSHCN’ (5%), ‘LD alone’ (4.2%) and 
‘non-LD, CSHCN’ (4.2%) relative to ‘non-LD, non-CSHCN’ (2.4%) (Figure 5). 
 This relationship was further tested using a logistic regression model to control for 
possible confounders (Table 10). Children who were ‘non-LD, CSHCN’, and ‘LD and 
CSHCN’ had almost two times the odds of reporting unmet dental needs when compared 
to ‘non-LD, non-CSHCN’ children (OR: 1.9, 95%CI: 1.5-2.7 and OR: 1.8, 95%CI: 1.39-
2.36, respectively). Multivariate regression analysis evaluating unmet dental needs also 
showed that being uninsured, and having a family income lower than 400% FPL were 
significantly associated with higher adjusted odds of reporting unmet dental needs (Table 
10). Significantly lower adjusted odds of unmet dental needs were associated with boys, 
young children (3-5, and 6-11 year old), and living in an ‘other’ family structure.  
Another regression model was conducted to assess the influence of LD severity on unmet 
dental needs (Table 11). Children with moderate/severe LD had significantly higher odds 
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of reporting unmet dental needs compared to non-LD children, after controlling for 
possible confounding variables (OR:1.8, 95%CI: 1.30-2.45) (Table 11). In contrast, 
children with mild LD were not significantly different from non-LD children in reporting 
unmet dental needs. 
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 LD alone 
 
N(Weighted 
%) 
  Non-LD, 
CSHCN 
N(Weighted 
%) 
LD and 
CSHCN 
N(Weighted 
%) 
Non-LD, non-
CSHCN 
N(Weighted 
%) 
 
p-value  
Total  1518 (2.1%) 13043(15.5%) 4856 (6.1%) 60063(76.3%)  
Age   
   3-5 72 (3.0%) 1898 (15.1%) 422 (10.1%) 13341(22.8%) <0.0001 
   6-11 509 (41.1%) 5158 (40.3%) 1895(39.8%) 22783(39.2%) 
  12-17 937 (55.8%) 5987 (44.6%) 2539(50.1%) 23939(38.0%) 
Gender   
  Boys 900 (55.8%) 7166 (54.1%) 3249(67.0%) 29444(48.6%) <0.0001 
  Girls 615 (44.2%) 5866 (44.9%) 1602(33.0%) 30541(51.4%) 
Race/ethnicity  
  Hispanics 239 (24.5%) 1271 (15.6%) 581 (19.2%) 8083 (24.6%) <0.0001 
 Non-Hispanic White 952 (54.2%) 8829 (58.7%) 3095(54.5%) 38535(51.9%) 
 Non-Hispanic Black 155 (14.6%) 1346 (16.2%) 551 (17.3%) 5424 (13.1%) 
 Other  132 (6.7%) 1331 (9.5%) 519 (9.0%) 6488 (10.4%) 
Poverty level  
  ≤ 199% FPL 377 (36.7%) 1909 (19.7%) 1166(31.1%) 8157 (20.4%) <0.0001 
  200-299% FPL  315 (18.7%) 2280 (20.9%) 1066(22.1%) 10406(21.5%) 
  300-399% FPL   417 (27.3%) 3929 (29.3%) 1310(26.3%) 18803(29.0%) 
  400% or more FPL 409 (17.3%) 4925 (30.1%) 1314(20.4%) 22697(29.0%) 
Health insurance   
  Public 581 (50.2%) 4009 (36.7%) 2483(54.9%) 14454(33.2%) <0.0001 
  Private 829 (44.5%) 8600 (59.9%) 2216(41.9%) 41903(60.3%) 
  Uninsured 89 (5.3%) 335 (3.4%) 123 (3.1%) 2923 (6.5%) 
Family structure  
  Two parents 907 (56.1%) 8068 (55.7%) 2560(48.7%) 42335(66.1%) <0.0001 
  Two with one step   
parent 
151 (11.2%) 1201 (13.0%) 494 (12.2%) 4368(9.4%) 
  Mother only 301 (23.7%) 2528 (23.5%) 1141(28.3%) 8592 (17.6%) 
  Other  145 (9.1%) 1117 (7.8%) 594 (10.8%) 4016 (6.9%) 
Table 11: Characteristics of US children 3-17 years old by learning disability and 
CSHCN status, 2011/12 National Survey of Children’s Health. 
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Figure 5: Dental services utilization of 3-17 year old children learning disability and 
CSHCN status, NSCH 2011/12 
 
 
 
Figure 6: Unmet dental needs of 3-17 year old children learning disability and CSHCN 
status, 2011/12 NSCH 
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 Any dental visit 
 
(OR, 95% CI) 
(N=76,084) 
Preventive dental 
visit  
(OR, 95% CI) 
(N=75,980) 
Unmet dental 
needs 
( OR, 95% CI) 
(N=77,854) 
Learning disabilities 
  LD alone 0.7 (0.5-0.9)* 0.6 (0.5-0.9)* 1.4 (0.9-2.4) 
  Non-LD, CSHCN  1.1 (0.9-1.3) 1.1 (0.9-1.3) 1.9 (1.5-2.7)* 
  LD and CSHCN 0.9 (0.8-1.2) 0.9 (0.8-1.2) 1.8 (1.4-2.4)* 
  Non-LD, CSHCN  Reference 
Age  
  3-5 0.4 (0.4-0.5)* 0.4 (0.4-0.5)* 0.4 (0.3-0.5)* 
  6-11 1.3 (1.2-1.5)* 1.3 (1.2-1.5)* 0.7 (0.6-0.9)* 
  12-17 Reference 
Gender    
  Boys 0.9 (0.8-1.0) 0.9 (0.8-1.0) 0.8 (0.7-0.9)* 
  Girls Reference 
Race/ethnicity    
  Hispanics 1.0 (0.9-1.2) 1.0 (0.9-1.2) 0.9 (0.6-1.2) 
  Non-Hispanic White Reference 
  Non-Hispanic Black 0.9 (0.7-0.9) 0.9 (0.7-1.00) 0.9 (0.6-1.3) 
  Other 0.7 (0.6-0.8)* 0.7 (0.6-0.8)* 0.8 (0.5-1.1) 
Poverty level    
  < 199% FPL 0.3 (0.3-0.4)* 0.3 (0.3-0.4)* 3.9 (2.6-6.1)* 
  200-299% FPL 0.4 (0.3-0.5)* 0.4 (0.3-0.5)* 4.6 (3.2-6.7)* 
  300-399% FPL 0.5 (0.5-0.6)* 0.5 (0.5-0.6)* 2.5 (1.8-3.6)* 
  400% or more FPL Reference 
Health insurance    
  Public Reference 
  Private 1.1 (0.9-1.3) 1.1 (0.9-1.3) 0.8 (0.7-1.1) 
  Uninsured  0.2 (0.2-0.3)* 0.2 (0.2-0.3)* 4.1 (3.0-5.5)* 
Family structure    
  Two parents Reference 
  Two with one step parent 0.9 (0.8-1.1) 0.8 (0.7-0.9)* 0.9 (0.7-1.3) 
  Mother only 1.0 (0.9-1.2) 1.0 (0.8-1.1) 1.1 (0.8-1.4) 
  Other  0.8 (0.6-0.9)* 0.7 (0.6-0.9)* 0.6 (0.4-0.8)* 
Table 12: Logistic regression of predictors of dental services utilization and unmet dental 
needs of 3-17 year old US children, 2011/12 NSCH.  
*Significant at p<0.05 
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 ANY DENTAL 
VISIT  
 
(N=77,831) 
OR (95% CI) 
PREVENTIVE 
DENTAL VISIT  
(N=77,723) 
OR (95% CI) 
UNMET DENTAL 
NEEDS 
 (N=77,854) 
OR (95% CI) 
NON-LD Reference  
MILD LD 0.8 (0.7-1.1) 0.8 (0.7-1.1) 1.2 (0.9-1.8) 
MODERATE/SEVERE 
LD 
     0.8 (0.7-1.1)     0.8 (0.7-1.1)  1.8 (1.3-2.5)* 
Table 13: Logistic Regression for dental service utilization and unmet dental needs by 
learning disability severity. 
Covariates included in the model were age, gender, race/ethnicity, poverty level, health 
insurance, and family structure. 
*Significant at p<0.05 
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Discussion 
Our analyses revealed that children with LD alone had significantly lower dental services 
use during the past year (any dental visit OR: 0.7, and preventive dental visit OR: 0.6). A 
possible reason for this finding is that dental health care may not be a top priority for 
parents of LD children, since they could be overwhelmed by the child’s struggle 
academically. These results are supported by other studies (Wu et al 2007, Koneru & 
Sigal 2009), which identified low dental service utilization for adults with learning 
disabilities.  
In addition, CSHCN with/without LD showed statistically similar use of dental 
services compared to non-LD, non-CSHCN. This finding is in line with data presented in 
previous literature about CSHCN (Van Cleave & Davis 2008, Kenney et al 2008, CWL 
2009, Lewis 2009). This finding may reflect the impact of multiple efforts to improve 
dental care access for CSHCN.  
Despite similar dental care access, CSHCN with/without LD had significantly 
higher odds of unmet dental needs. Other studies indicated similar results (Kenney et al 
2008, and Lewis 2009). These findings shed the light on the gap in obtaining all needed 
dental care for CSHCN. This emphasizes the importance of addressing all CSHCN needs 
during dental visits.  
Compared to previous national level studies of CSHCN (unmet preventive dental 
needs: 7.4%, and unmet other dental needs: 10.3%), our analyses indicated lower unmet 
dental needs for CSHCN with/without LD (4%-5%) (Lewis 2009). This variation could 
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be due to the different sampling or questionnaire design used in NSCH, compared to NS-
CSHCN, rather than reflecting an actual trend in unmet dental needs. 
Children with moderate/severe LD had significantly higher odds of unmet dental 
needs compared to children with mild LD and non-LD. Children with mild had slightly 
higher odds of unmet dental needs, however it was statistically similar to non-LD. Lewis 
2009 similarly detected that increasing disability severity increased the likelihood of 
reporting unmet dental needs. These findings indicate the necessity to inform dental 
professionals about the higher needs of children with moderate to severe LD.  
Our study is subject to some limitations. Because the NSCH data is cross-
sectional, we can infer an association only, but not causality. The data is subject to recall 
and social desirability bias because it depends on parental report for LD diagnosis and 
dental services utilization, which may lead to underestimation. In addition, we identified 
special needs children using the CSHCN screener tool, which is based on health 
consequences rather than on specific condition. This is the reason why we have some LD 
children who are not classified as CSHCN. 
Despite these limitations, this study has some strengths. To our best knowledge, 
this is the first study to assess dental services utilization and unmet dental needs in 
children with LD. In addition, the use of this nationally representative sample allowed 
conducting robust analysis to examine dental utilization and unmet needs in this 
population that represent US children experience.  
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Conclusion 
Children with LD were less likely to have a dental visit within the past year. While LD 
severity did not impact dental visit receipt, children with moderate to severe LD have 
higher unmet dental needs than non-LD and mild-LD. Future research should explore 
barriers to accessing needed dental care in children with LD, which could include family, 
social, and provider factors. In addition, developing strategies that address these barriers 
to dental care access for this population is needed. Dentists treating LD children need the 
knowledge and special skills to be able to provide oral care successfully. Dental 
practitioners are advised to involve caregivers in their comprehensive dental care plan to 
improve LD children’s oral health, and address their dental needs.   
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